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Cell Library 
SSI/MSI 
Cell Area 

identifier Description (sq. um) me 
BAMO0000 Inverter 1.1K < 
BAMO0001 Inverter/Buffer 1.6K 
BAMO00002 Inverter/Buffer 3.2K = 
BAM00003 Inverter/Buffer 9.1K i 
BAMO0004 3-State Inverter/Buffer 2.1K 
BAMO0005 Slow Inverter for Pulse Generator 3.2K 
BAMO0006 TTL Compatible Inverter/Buffer 3.2K 
BAMO00007 3-State Inverter/Buffer 4.3K 
BAMO00008 3-State Inverter/Buffer 2.1K 
BAMO0009 Non-Inverting TTL Compatible Buffer TBD 
BAM00010 2-In NAND 1.6K 

BAMO0011 3-In NAND 2.1K 
BAM00012 4-In NAND 21K 
BAM00013 5-In NAND 3.2K 
BAMO00014 6-In NAND 3.7K 
BAMO00015 7-In NAND 4.3K 
BAMO00016 8-In NAND 4.8K 
BAM00020 2-In NOR 1.6K 

BAMO00021 3-In NOR 2.1K 
BAM00022 4-In NOR 2.7K 
BAM00023 5-In NOR 3.7K 
BAM00024 6-In NOR 3.7K 
BAM00025 7-In NOR 4.3K 
BAM00026 8-In NOR 4.8K 
BAM00030 2-In AND 2.1K 

BAMO00031 3-In AND 2.7K 
BAMO00032 4-In AND 3.2K 
BAM00033 5-In AND 3.7K 
BAM00034 6-In AND 4.3K 
BAMO00035 7-In AND 4.8K 
BAM00036 8-In AND 5.3K 
BAM00040 2-In OR 2.2K 

BAMO0041 3-In OR 2.7K 
BAMO00042 4-In OR 3.2K 
BAM00043 5-In OR 4.3K 
BAM00044 6-In OR 4.3K 
BAM00045 7-In OR 4.8K 
BAM00046 8-In OR 5.3K 
BAMO00050 XOR 2.7K 

BAMO00051 XNOR 2.7K 
BAMO0055 P-Channel Pull-up Transistor 1.1K 
BAMO00056 N-Channel Pull-down Transistor 1.1K 
BAMO0060 2,2 AND-NOR 2.1K 

BAMO0061 2,1 AND-NOR 2.1K 
BAMO00062 2,2 OR—NAND 2.7K 


1-3 


ertek. 
Cell Library 


SSI/MSI (cont.) 


Cell 
Identifier 


BAM00063 


BAM00070 
BAMO007 1 
BAMO00072 
BAM00073 
BAMO00074 
BAMO00076 
BAMO00077 
BAMO00078 


BAM00080 
BAM00081 
BAM00082 
BAM00083 
BAMO00084 
BAM00086 
BAM00087 
BAM00088 
BAM00089 


BAMO00090 
BAMO0091 
BAMO00092 
BAMO00093 
BAM00094 
BAMO00095 
BAMO00096 
BAM00097 
BAMO00098 


BAMO00099 
BAMO00100 
BAMO00101 
BAM00102 


BAMO00103 
BAM00104 
BAMO00105 


BAM00106 
BAMO00107 
BAMO00108 
BAMO00109 
BAM00110 
BAM00200 
BAM00210 
BAM00220 
BAM00230 


BAM00300 


Description 
2,1 OR-NAND 


Transmission Gate 

Transmission Gate with Enable Inverter 
2-to-1 Mux 

4-to-1 Mux 

8-to-1 Mux 

Mux Driver for BAM00072 

Mux Decoder/Driver for BAM00073 
Mux Decoder/Driver for BAM00074 


D-Latch without Reset 

D-Latch with Reset 

D/FF with Reset 

D/FF with Reset 

D/FF with Set/Reset 

T/FF with Reset 

T/FF with Reset 

T/FF with Set/Reset 

T/FF with Set/Reset 

J-K/FF with Set/Reset 

J-K/FF with Set/Reset 

Set/Reset Latch 

Shift Register Front-end 

Parallel Load Shift Register 
D-Latch with 3-State O/P 

D-Latch with 3-State O/P 
BAM00095/96 with Data Select |/P 
BAM00095/96 with Data Select I/P 


Look-ahead Carry Counter 

Look-ahead Carry Counter 

Look-ahead Carry/Borrow Up/Down Counter 
Look-ahead Carry/Borrow Up/Down Counter 
D/FF without Reset 

D/FF with Reset 

Binary Adder 

Synchronous Clock Gate 

Data Synchronizer 

Serial In/Out Shift Register 

Serial In/Out Shift Register 

Serial In/Out Shift Register 

Power-on Reset Generator 

Pull-up Load 

Pull-down Load 

Capacitor to Ground 

Internal Schmitt Trigger 


Area 
(sq. um) 
2.3K 


2.1K 
2.1K 
2.7K 
2.7K 
27.3K 
2.1K 
20.3K 
52K 
3.7K 
4.3K 
13.9K 
8.5K 
9.1K 
12.8K 
8.5K 
11.7K 
9.6K 


17.1K 
14.9K 
2.7K 
8.5K 
12.8K 
11.7K 
7.5K 
22.4K 
12.8K_ 


TBD 
TBD 
TBD 
TBD 


6.4K 
8.5K 
16.0K 


TBD 
TBD 
10.1K 
10.1K 
10.1K 
14.4K 
1.6K 
1.6K 
4.3K 


4.7K 
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SSI/MSI (cont. ) 


Cell 
identifier 


BAMO00800 
BAMO00801 
BAM00810 
BAMO0081 1 
BAM00820 
BAM00822 
BAMO00823 
BAM00824 


BAM00830 
BAM00832 
BAM00840 
BAM00841 
BAM00845 
BAM00846 
BAMO00850 


BAM00851 
BAMO00860 
BAMO00861 
BAM00870 
BAMO00880 
BAM00881 
BAM00890 


BAM00891 


BAMO00900 
BAMOo00901 
BAM00910 
BAMO00911 
BAM00920 
BAM00921 
BAM00923 
BAM00930 
BAM00932 


BAMVDD 
BAMGND 


Description 


Vss Pad 

Vss Pad 

Vppb Pad 

Vpp Pad 

TTL/CMOS O/P Driver 
TTL/CMOS O/P Driver 
TTL/CMOS O/P Driver 
Versatile O/P Pad Driver 


TTL/CMOS 3-State O/P Driver 
TTL/CMOS 3-State O/P Driver 
Open-Drain O/P Driver 
Open-Drain O/P Driver 
Open-Drain O/P Driver 
Open-Drain O/P Driver 

TTL Compatible |/P Buffer 


TTL Compatible !/P Buffer 
Schmitt Trigger I/P Buffer 
Schmitt Trigger I/P Buffer 
Fast TTL Compatible I/P Latch 
I/P Pad with Protection Device 
I/P Pad with Protection Device 
Open-Drain Driver with Pull-up 


LED Driver 


Input Pad with Pull-up 

Input Pad with Pull-up 

I/O Pad with Open-Drain O/P 
I/O Pad with Open-Drain O/P 
O/P Driver Pad for Clock Osc 
Crystal Osc with Pads 

O/P Driver Pad for Clock Osc 
I/O Pad with 3-State O/P 

I/O Pad with 3-State O/P 


Vpb Connection Cell 
GND Connection Cell 
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Area 
(sq. um) 
44.3K 
13K 
44.3K 
73K 
153K 
76.4K 
113K 
136K 


153K 
129K 
93K 
73K 
50K 
73K 
77K 


73K 
101K 
96K 
89K 
75K 
73K 
137K 


239K 


78.3K 
TBD 
79K 
136K 
109K 
143K 
126.2K 
185K 
144.4K 


1.1K 
1.1K 
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SSI/MSI High-Speed Cells 


Cell Area 
identifier Function (sq. um) 

BAMO02001 Inverter/Buffer 1.6K 
BAM02002 Inverter/Buffer 3.2K 
BAM02003 Inverter/Buffer 9.1K 
BAM02004 3-State Inverter/Buffer 2.1K 
BAM02007 3-State Inverter/Buffer 4.3K 
BAM02008 3-State Inverter/Buffer 2.1K 
BAM02010 2-In NAND 2.1K 
BAM0O2011 3-In NAND 2.7K 
BAM02012 4-In NAND 5.4K 
BAM02013 5-In NAND TBD 
BAM02014 6-In NAND 4.3K 
BAM02020 2-In NOR TBD 
BAM02021 3-In NOR TBD 
BAM02022 4-In NOR 3.2K 
BAM02023 5-In NOR 5.9K 
BAM02024 6-In NOR 7.5K 
BAM02030 2-In AND TBD 
BAM02031 3-In AND TBD 
BAM02032 4-In AND/NAND 5.9K 
BAM02040 2-In OR/NOR 4.3K 
BAM02041 3-In OR/NOR 6.4K 
BAM02042 4-In OR/NOR 8.0K 
BAM02050 XOR 3.7K 
BAM02051 XNOR 3.7K 
BAM02060 2,2 AND-NOR 3.2K 
BAM02061 2,1 AND-NOR 2.7K 
BAM02062 2,2 OR-NAND 3.2K 
BAM02063 2,1 OR-NAND 2.7K 
BAM02070 Transmission Gate 2.1K 
BAM02080 D-Latch, Transparent 5.4K 
BAM02082 D/FF with Reset 17.1K 
BAM02083 D/FF with Reset 11.7K 
BAM02084 D/FF with Set/Reset 20.3K 
BAM02085 D/FF with Set/Reset 20.3K 
BAM02086 T/FF with Reset 18.1K 
BAM02087 T/FF with Reset 18.1K 
BAM02088 T/FF with Set/Reset 20.3K 
BAM02089 T/FF with Set/Reset 20.3K 
BAM02092 SR-Latch 3.7K 
BAM02093 Shift Register 8.5K 
BAM02094 Shift Register 8.5K 
BAM02110 D-Latch with Reset 9.1K 
BAM02111 D-Latch with Reset 9.1K 
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MSI Cells 
Cell Area 

identifier Function (sq. um) > 
BAM04160 4-BIt Decade Counter (74160) TBD < 
BAM04161 4-Bit Binary Counter (74161) TBD 2 
BAM04162 4-Bit Decade Counter (74162) TBD — 
BAM04163 4-Bit Binary Counter (74163) TBD rm 


MSI Schematic Macros 


Cell Area 
identifier Function (sq. um) 
BAM74042 BCD-to-Decimal Decoder 35.2K 
BAM74083 4-Bit Full Adder with Carry Look-Ahead 79K 
BAM74085 4-Bit Magnitude Comparator 74.2K. 
BAM74090 4-Bit Decade Counter 56K 
BAM74093 4-Bit Binary Counter 66.7K 
BAM74138 3-to-8 Line Decoder 48K 
BAM74151 8-to-1 Multiplexer 82.8K 
BAM74153 4-to-1 Multiplexer 32K 
BAM/74157 Quad 2-to-1 Multiplexers 22.4K 
BAM74160 4-Bit Decade Counter 112.1K 
BAM74161 4-Bit Binary Counter 110.4K 
BAM74162 4-Bit Decade Counter 120.6K 
BAM74163 4-Bit Binary Counter 115.8K 
BAM74164 8-Bit Serial-In/Parallel-Out Shift Register 95K 
BAM74165 8-Bit Parallel-In/Serial-Out Shift Register 172.4K 
BAM74182 4-Bit Look-Ahead Generator 53.9K 
BAM74192 4-Bit Decade Up/Down Counter 121.9K 
BAM74193 4-Bit Binary Up/Down Counter 121.7K 
BAM74280 9-Bit Odd/Even Parity Generator 68.8K 
BAM76610 7-Bit Universal Asynchronous Transmitter 330.8K 
BAM76611 7-Bit Universal Asynchronous Receiver 331.2K 
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Cell Library 
Memory Cells 
Cell Area 
Identifier Function (sq. um) 
BAM6010 8 x 8 Static RAM 380K 
BAM6140 64 x 4 Static ROM 227K 
BAM6141 64 x 8 Static ROM 278K 
BAM6142 64 x 12 Static ROM 325K 
Analog Cells 
Area 
(sq. «m) 
*Operational Amplifier TBD 
*Voltage Comparator TBD 
*8-Bit A/D Converter TBD 
*8-Bit D/A Converter TBD 
*Voltage Regulator . | TBD 
*Voltage Reference TBD 
*Analog Switch (Pad Cell) TBD 
*3-State Input (Pad Cell) TBD 
Microprocessor Core 
Area 
(sq. um) 
*6502 Core Microprocessor | TBD 
*BAM06610 UART (Transmitter Section) TBD 
*BAM06611 UART (Receiver Section) TBD 


To receive Synertek’s Cell Library Data Book, call or write your local sales office from listing in back of this 
book. 


“Available 4Q’84 
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TIL Cross Reference 


TTL Cell = 

Equivalent identifier Function Comment = 

7400 BAM00010 2-Input NAND co 

7400 BAM02010 Fast 2-Input NOR = 

7402 BAM00020 2-Input NOR ca 

7404 BAMO0000 Inverter 

7404 BAM00001-3 Inverter/Buffer 

7404 BAMO00006 TTL-Compatible Buffer Functional Equivalent 

7408 BAM00030 2-Input AND 

7410 BAMO001 1 3-Input NAND 

7410 BAMO02011 Fast 3-Input NAND 

7411 BAMO0031 3-Input AND 

7420 BAM00012 4-Input NAND 

7421 BAMO00032 4-Input AND 

7425 BAM00022 3-Input NOR 

7427 BAMO00021 3-Input NOR 

7432 BAM00040 2-Input OR 

7442 BAM74042 BCD-Decimal Decoder 

7451 BAMOO0060 2,2 AND-NOR 

7474 BAMO00084 D Flip-Flop with Set-Reset 

7483 BAMO0O0105 Binary Adder 

7483 BAM74083 4-Bit Full Adder 

7485 BAM74085 4-Bit Magnitude Comparator 

7486 BAMO0050 Exclusive-OR 

7490 BAM74090 4-Bit Decade Counter 

7493 BAM74093 4-Bit Binary Counter 

7496 BAM00093/94 Parallel-Load Shift Register Cell without Clear 

74107 BAMO0090/91 J-K Flip-Flop with Set/Reset 

74125 BAM00004,7,8 3-State Inverter/Buffer 

74138 BAM00078 3-to-8 Line Decoder 

74138 BAM74138 3-to-8 Decoder 

74151 BAM74151 1-of-8 Data Selector 

74152 BAM00074+78 8-to-1 Multiplexer 

74153 BAM00073+77 4-to-1 Multiplexer Cell without Strobe 

74153 BAM74153 1-of-4 Data Selector 

74155 BAM00077 2-to-4 Line Decoder Cell without Strobe 

74157 BAM00072+76 2-to-1 Multiplexer Cell without Strobe 

74157 BAM74157 1-of-2 Data Selector 

74160 BAM74160 4-Bit Decade Counter 

74161 BAM74161 4-Bit Binary Counter 

74162 BAM/74162 4-Bit Decade Counter 

74163 BAMO00099/100 Look-Ahead Carry Counter Cell without Count Enable 
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TTL Cross Reference (cont. ) 


TTL Cell 
Equivalent identifier 
74163 BAM74163 
74164 BAM74164 
74165 BAM74165 
74182 BAM74182 
74192 BAM74192 
74193 BAM00101/102 
74193 BAM74193 
74260 BAM00023 
74266 BAMO00051 
74279 BAMO00092 
74280 BAM74280 
74363 BAM00095/96 
74373 BAMO0080 
74373 BAM02080 


Function 
4-Bit Binary Binary Counter 
8-Bit Serial-in Shift Register 
8-Bit Serial-In Shift Register 
Look-Ahead Carry Generator 
Syncr Up/Down 4-Bit Counter 
Look-Ahead Up/Down Counter 
Syncr Up/Down 4-Bit Counter 
5-Input NOR 
Exclusive-NOR 
Set-Reset Latch 
9-Bit Odd/Even Parity Generator 
Transparent D-Latch with 3-State 
D-Latch without Reset 
Fast D-Type Flip-Flop 


Comment 


Cell without 3-State and Enable 
Cell without 3-State and Enable 
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Cell Library 
CMOS Cross Reference 
CMOS Cell 
Equivalent Identifier Function 

4001 BAM00020 2-Input NOR 

4002 BAM00022 4-Input NOR 

4008 BAM00105 Binary Adder 

4011 BAM00010 2-Input NAND 

4011 BAM02010 Fast 2-Input NAND 

4012 BAM00012 4-Input NAND 

4013 BAM00084 D Flip-Flop with Set/Reset 

4020 BAM00086/87 T Flip-Flop with Reset 

4021 BAM00093/94 Parallel-Load Shift Register 

4023 BAMO0011 3-Input NAND 

4023 BAM02011 Fast 3-Input NAND 

4025 BAMOo00021 3-Input NOR 

4027 BAM00090/91 J-K Flip-Flop with Set/Reset 

4029 BAM00101/102 Look-Ahead Up/Down Counter 

4042 BAMO00080 D-Latch without Reset 

4042 BAM02080 D-Latch, Transparent, 
High Speed 

4044 BAMO0092 Set-Reset Latch 

4049 BAM00001-3 Inverter/Buffer 

4049 BAMO0006 TTL-Compatible Buffer 

4051 BAM00074+75 8-to-1 Multiplexer 

4052 BAM00073+77 4-to-1 Multiplexer 

4053 BAM00072+76 2-to-1 Multiplexer 

4069 BAMO0000 Inverter 

4070 BAMO00050 Exclusive-OR 

4071 BAM00040 2-Input OR 

4072 BAMO00042 4-Input OR 

4073 BAM00031 3-Input AND 

4075 BAM00041 3-Input OR 

4077 BAMO0051 Exclusive-NOR 

4081 BAMO00030 2-Input AND 

4082 BAM00032 4-Input AND 

4085 BAMO0060 2,2 AND-NOR 

4502 BAM00004,7,8 3-State Inverter/Buffer 

4555 BAM00077 2-to-4 Line Decoder 

40161 BAM00099/100 Look-Ahead Carry Counter 

40174 BAM00082/83 D Flip-Flop with Reset 


Comment 


Functional Equivalent 


Functional Equivalent 


Cell has only Binary-Count 
Cell without Clock Polarity Select 
Cell without Clock Polarity Select 


Cell without 3-State 


Cell without Inhibit 
Cell without Inhibit 
Cell without Inhibit 


Cell without Inhibit 
Cell without Inhibit 


Cell without Enable 
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l. General Description 


The Synertek Cell Library combines the dense layout 
characteristics of the HCMOS process technology with 
the automation achieved by standard cell system 
design. The cells adhere to a well-defined set of design 
and layout structure rules, thereby relieving the chip 
designer of the burden of electrical and physical con- 
siderations and permitting a focus on system and logic 
design efforts. 


In general, the cells utilize a constant height and a vari- 
able width and allow for placement adjacent to each 
other in the horizontal direction The structure rules are 
compatible with standard CAD interactive layout soft- 
ware by including feedthroughs on all inputs and 
outputs, and by accounting for power connections by 
cell abutment. Interactive layout systems can utilize the 
supplied physical outlines for each cell to minimize 
layout data. In some cases, individual cells may have a 
non-standard height or may not have feedthroughs for 
all inputs and outputs in order to achieve a higher level 
of packing density. 


The HCMOS Cell Library incorporates this structured 
approach to provide fundamental logic functions for 
high speed, low power applications 


The Synertek Cell Library 


The Synertek Cell Library currently contains approxi- 
mately 200 cells. These consist of gates, inverters, 
multiplexers, flip-flops, shift registers, counters, adders, 
I/O circuits (pad cells), and LSI type functions, such as 
RAMs and ROMs. Also included are analog functions 
which permit direct interfacing to analog signal envir- 
onments (OP AMPs, Comparators, etc.). Finally, a 
complete set of high-speed cells is also available for 
those applications that need faster operation (at the 
expense of somewhat larger cells). With this library of 
cells to select from, nearly any conceivable circuit may 
be constructed and designed in a very quick and low 
cost fashion. 


Hardware 


Synertek uses a VAX based system to implement its 
Standard Cell Library approach to semi-custom 
design. The Library of cells resides on the computer 
and Is accessed via Genisco and Tektronix graphics 
terminals for the schematic capture and place and 
route design states. Alphanumeric terminals can also 
be used for the Data Base access required during 
netlist extraction and simulation. Digitizing and layout 
of new cells is achteved on Calma graphics systems 
as is the merging of the cell structures into the design. 
The Synertek Cell Library will be ported over to a 
range of popular workstations and Is already available 
on the Silvar Lisco and Daisy systems. 


TEST VECTOR AND 
WAVEFORM GENERATION 


DEBUG TEST 
PROGRAM CUT AND DC ASSEMBLY 


Design Flow 


fi 


REVIEW CIRCUIT 
SPECIFICATION 
SCHEMATIC CAPTURE / 


LOGIC AND FAULT 
SIMULATION 


ft 


PLACE AND ROUTE 
CRITICAL PATH 
ANALYSIS / 


DATA BASE MERGE 


AND DIGITIZE 5 
LAYOUT VERIFICATION 


f 


DRC ERC LOGIC Y 


TEST PROGRAM 
GENERATION 
TOOLING OPERATION 
SIZING FRAME PG MASK 
ENGINEERING SAMPLE 
FABRICATION 


CUSTOMER CUT AND 
DC EVALUATION 
PRODUCTION TOOLING 
SCHEDULE 
PRODUCTION 


Software 


Synertek’s comprehensive family of software pack- 
ages provides the customer with a “thoroughly 
checked to specification product” laid out in a state of 
the art process by the best router available. These 
user friendly packages cover schematic capture, logic 
and circuit simulation through to 100% place and 
route and a complete range of error checking. 


Customer Interfaces 


Three levels of sophistication in interfacing with Syn- 
ertek are open to the Cell Library designer. This 
allows him to do as little or as much of the chip 
design as he chooses. 
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Level 1: 

The customer provides Synertek’s engineering staff 
with a schematic diagram of the design along with a 
comprehensive specification Synertek engineers then 
enter the design into the computer, extract the netlist 
and logically simulate it before placement and rout- 
ing. Critical path analysis is then carried out to ensure 
that the layout meets the timing specification. After 
the cell structures have been merged with the design, 
Electrical Rule and Design Rule checks are made. 
The final check compares the layout with the original 
netlist. After PG tape and tooling generation, engi- 
neering samples are run off and cut and go's given 
back to the customer for evaluation. Test program 
generation occurs in parallel with the data base 
development so as to be ready for the final phase 
of the design program production scheduling. 


Synertek offers all of the training necessary for the 
first time Cell Library designer to develop his design 
at one of the six demonstration centers maintained 
throughout the country. 


Level 2: 

This level allows the customer to develop hts netlist 
on a workstation and provide it to Synertek in either 
the simulated or unsimulated form. Synertek then 
takes the design through the rest of the development 
described in Level 1 


Level 3: 

The most sophisticated interface level, Level 3 pro- 
vides for a customer who has a place and route 
capability either on his VAX or workstation. He gives 
his data base tape to Synertek who merges the cells 
and creates the PG tape for the mask vendor. 


Electrical Requirements 


A. Absolute Maximum Ratings: 


Parameter 


Power Supply (Vpp) +6 V 


Input Voltage O03VtoVop+03V 
O3VtoVpdD+03V 


-55 to +150°C 


Output Voltage 


Temperature 


B. Maximum Operating Conditions: 


Parameter 


Power Supply (Vpp) 20Vto60V 
0 V to Vpp 
0 V to Vpp 


-55 to +125°C 


Input Voltage 


Output Voltage 


Temperature 


C. Recommended Operating Conditions: 


Power Supply (Vpp) 50V+ 10% 
-55 to +125°C 


50V 
25°C 


ll. Physical Specifications 


A. Cell Height: 69.3, and 98.7 um. 
B. Cell Width: Increments of 7 7 um 
C. Power. 5.6 um metal lines horizontally routed through 


Temperature 


D. Nominal Conditions: 


Parameter 
Power Supply (Vpp) 
Temperature 


each cell. 

D. Metal Interconnections: 2 8 um width, 35 um 
spacing. 

E. Polysilicon Interconnections: 2 1 um width, 25 um 
spacing. 


Electrical Specifications for 
Individual Cells 


A. Propagation Delay 


The output propagation delay for each cell is indicated 
in the individual cell data sheet. Both low-to-high and 
high-to-low transitions are specified. Delays are con- 
sistently measured at the 50% points. Individual cell 
propagation delays are specified as a function of the 
cell output load capacitance, CL, in pF. Further, the 
equation is valid at nominal conditions, only (Vpp = 5.0 
V, T = 25°C, nominal process). Actual delays at other 
than nominal conditions are determined by utilizing 
derating factors, as shown below: 


(tpp) actual = (tpp) nominal « (X4) « (X2) « (X3) 


X1 = derating factor for temperature. 
X2 = derating factor for Vpp 
X3 = derating factor for process variations. 


The derating factors for temperature and Vpp level are 
taken from the following curves. 
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PROPAGATION DELAY DE-RATING FACTOR VS TEMPERATURE 


PROPAGATION 
DELAY 
DE-RATING 
FACTOR 


+120 +160 


TEMPERATURE (°C) 


PROPAGATION DELAY VS Vpp 


NORMALIZED PROPAGATION DELAY 


Vop (VOLTS) 


The derating factor for process variation is taken from 
the following table: 


Process 


Worst Cast 
Nominal 


Derating Factor 


1 50 
1.00 
065 


Best Case 


B. Power Dissipation 


There are two components of power dissipation in the 
HCMOS Cell Library cells. The first component is the 
static or DC power and consists of three effects: 


e Internal leakage paths between Vpp and Vss. In 
most cases, the currents are less than 1 nA, but 
sometimes they can be as high as 1 pA 


e Output loads. Output loads (resistive elements with a 
Current path to ground) require substantial currents 
when they are driven. 


e TTL input level effects. Inputs to the TTL-compatible 
Input Buffer cell may cause significant power drain 
This results from both the pull-up and the pull-down 
devices being simultaneously conducting when an 
input level below Vpp and above Vss !Is applied The 
data sheet for this cell shows this effect quantitatively 


The second component of power dissipation is the 
transient or AC power and consists of three parts 


e Internal capacitance charging. Whenever internal 
levels change state from low to high levels, energy 1s 
required to charge the node capacitance This 
occurs only at the time of transition and Is a function 
of the amount of node capacitance and the Vpp 
level 


e Output load capacitance. When external levels 
change state from low to high, energy ts also 
required for charging. In this case, however, node 
capacitance is typically orders of magnitude higher 
than internal nodes and consequently, power disst- 
pation effects can be quite substantial 


e Transitional push/pull currents Internal cells will 
experience current paths between Vpp and Vss 
when undergoing a high-to-low or low-to-high tran- 
sition. This occurs for very short periods when both 
the p-channel and n-channel transistors simultane- 
ously conduct 

The data sheets for each cell indicate the cell power 
dissipation for internal node capacitance charging and 
for transitional push/pull currents Output loads, TTL 
input level effects, and output load capacitance must be 
accounted for additionally Internal leakage paths will 
not exceed 1 yA In total and hence, can usually be 
neglected 


Cell data sheets indicate power dissipation at fixed 
loading (usually 0.050 pF) and at nominal operating 
conditions. Note that the power ts given in units of 
puW/MHz In this way, the frequency of edge transitions 
directly effects power and can be readily calculated. 
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In a like fashion, additional loading (greater than 0.050 er 
pF) increases power dissipation according to the follow- 
ing relation 

Ppoiss = Ppiss nominal + 25 (Ci — 0.050) _—_ 
where, ze 
Ppiss nominal = Nominal Power Dissipation (from data SORE hee oe oo 
sheet) SKEW SKEW =, 
CL = Load Capacitance on Node (pF) = 

{ae ) 
POWER DISSIPATION VS. Vpp The maximum tolerable clock skew at nominal condi- 


. tions (Vpp = 50 V, T = 25°C, nominal process 
eee a parameters) is + 10 nsec. Skew effects get worse as 
a Vpp goes higher, T goes lower, and as the process 

parameters increase the speed of the MOS transistors. 


Ta = 25°C In short, unless otherwise indicated, maximum tolerable 
2 INV LOADS 


clock skew at the worst-case conditions may not 
exceed + 5 nsec. This is not as bad as it seems, how- 
ever, since clock drivers get faster as the conditions for 
worst-case skew are approached, a self-compensating 
situation. Thus, tf the nominal condition is met (+ 10 
nsec), then the worst-case condition will be met as well. 


NORMALIZED POWER DISSIPATION 


lll. Cell Structures 
A. Power and Ground Connections Through Cells 


Vop and GND connections are routed through rows of 
cells by means of cell abutment. Both Vop and GND 


Vop (VOLTS) (Vss) are bussed through the cells in the horizontal 
direction by 5.6 um wide metal lines. The following dia- 
By this relation, power dissipation at any particular gram illustrates the bussing for both 69.3 and 98.7 um 


loading condition may be calculated. Further, the effect 
of Vpp on power dissipation needs to be determined 
for situations that call for Vpp levels other than nominal 
(Vpp = 5.0 V). For this, the above curve is used. 


Finally, it should be noted that temperature and pro- 
cess variations have no substantial effects on power 


Vpp AND GND ROUTING THROUGH CELLS 


5.6 
dissipation. =~ 
C. Other Timings Vop Vop 
There are other timing parameters sometimes specified ic: 
besides propagation delay Some examples are pulse 
widths, clock rates, set-up and hold times, and three- eee 
state turn-on and turn-off delays For these parameters, a 
the same derating factors are used as for propagation 
delays, unless otherwise noted Z| 
D. Clock Skews GND GND 


Many cells require complementary clock input signals 
Some examples are latches, flip-flops, and shift regis- 
ters. For these cells, some degree of clock skew is 
permitted, as shown below: 


5.6 um 


ertek. 


Cell Library 


Note that the busses will be routed through a row of 
cells, even when cell heights are mixed, providing that 
the cells are centered the same. Connections to Vpp 
and GND can be made at the ends of the cell rows. 
This may be done either automatically (if the router 
software Is capable) or by manual edits. 


B. Power and Ground Connections in Pad Cells 


The same principle applies for pad cells as for internal 
cells, as dlagrammed below. 


Vpp AND GND ROUTING THROUGH PAD CELLS 
INSIDE EDGE 


ae 


17.5 um 


; 


175 um 


OUTSIDE EDGE OF CHIP 


Connections between adjacent cells for Vop and GND 
are made by means of cell abutment. However, one dif- 
ference exists for pad cells. That difference is that pad 
cells with different heights still.have Vpp and GND 
busses on the top and bottom of the cell. This means 
that, if cells of different heights are used, a gap must be 
provided between the cells and the Vpp and GND 
busses must be entered manually. In addition, the Vpp 
and GND busses have standard widths of 17.5 um 
(5.6 um is the bus width for internal cells). 


C. Feedthrough Cell 


A feedthrough cell is required by most router software 
packages to permit routing a connection through a row 
of contiguous cells to some point beyond. To achieve 
this, a feedthrough cell is used, whose outline drawing 
is shown below. 


FEEDTHROUGH CELL 


“FEED9S9A” 69.3 um 


_ = 77 um 
D. Contacts 


Connections between metal and polysilicon lines are 
achieved by means of contacts. The following figure 
illustrates the required dimensions of the contact. 


METAL (LAYER 8) 


CONTACT 
(LAYER 7) 
5.6 um 
jPOLY| POLYSILICON 
| (LAYER 4) 
| \<—— 2] pm 
L-wv J 


The polysilicon stripes (lines) are 2 1 microns wide and 
the metal lines are 2.8 microns wide. The size of both 
the metal and polysilicon contact coverage is 5.6 x56 
microns. The contact opening is 2.8 x 2.8 microns. The 
layer numbers are indicated on the figure: 


Ny a sat & > aap pee 
Ree v a 23 x, x “ 
m4 Bde & % ee FL ig ’ ord eee bag rae Nene x o< 4 pare wer se. SS ey 2 : 
* s By 2% hare SS ro ~ = ¥ aan = 3h y “ fn ome Py 
8 > Re ~ awe SSE OY ¢ oe > eee he F FS ee, 
‘ be oe PREY A tA eam FRO y aoe A ae tN gE 
oe > é 
* . : : 
~ oA 
a 8 
3 > 
o Apo oth ¢ 
wot > eed 
5 
~ * > 
> ’ * 
¢ 
FY AN 
SAN pias? MS 
ger? ¢ 
4 " SH ite | pe a Pen 6 
Ns BN Se 
: Gee s 4 
7 Fong rae BASS aa = SMS SRY eevee 
> aS ky ese ha m mE AOS Sa e 
5 > <3 3 Bs os BS > 2 a4 
voy + s ” “ ee Rey . 5 N Na s 
me > “ Sa ve > > * Cad “S 5 
’ 
s 
a 
‘ 
tn pie ? 
ae 
y 
“2 \ 
eae ’ ’ 
mR Lo 
e Be Ge 
> > > . ye > < & : < ee 
7 BS * ‘ x * » —s $ sae 
co a ’ < ASS OAR AG BAAS SARS N aoe SO’ 5% y 
> ~ ee tee x Ne ve vow * ANP Ow ONS poe MPO vole ow at ¢ ON Ag ove nd co x x “a NHK s x Shy NBN ie yon ee > ee S Q 
: e m = 3 ‘ ae ‘ ° S85 
* N SSN 4 > 4 bs ‘ state s * ek " 
z aes y ‘ FS 5 : 
x < s > “ ta * 4 
< ‘ » . Bros p> > a : 7 F 
‘ Baro wy & ve } 7 wd cr ee 5 oe RANE oe . ‘ Peel 7 : Nea ae # 
R is as 8 ‘ a2 2a 5 a Roo eye SENS N 
# : * id rome a . em Ny Soak vs a Kote a Th WE BA AQ Bw > Sah Qy Sei Sie ¢ SEN SS Ths SRN NAAR ae SEA NSS SS Sey ek ks 
here gy} ns s SAS DS ~ $ SS BONwwENB de VAT sa ’ MESES BRR QRS WO 48 s N SEN SA "Snes oS, sas OND 3 > ’ . gy 
aA WAS AOS RAEN SSS Qe aS As LEBOO Sos Ny BAS See f 8 Ve ae OS ya . ; KS = can ¥ A Bote TPR eg ES ge 1 f N We ge? eg ‘ 
, « » ; ig y c ‘ as > aa <¢ Sas ae vee F 
” > Po Sue Pe ’ ra ae fg 4 
A Cpe 2 exe? 6 hae? $s, ee 0? Ro ee UY x BA g Pas Soa Pees ‘ ae Boga S3 oy pusher 4 ake DR Bete, d : ‘ cae ay 
gs we & SWE & > x x > cae 4 “ y 2 ee eke arent < os 
bed co > 2 FS : 3 < a“ t x . * 2 . pe § we 
‘ Seek y , G > ap te Bowe pay > Lega Ue eee hehe 6 os wa oy 18g Mal ie BuO 8 2 
" wy ae a Co on rr cs 2 ve GRY, gay fem Ng age ss! at on SA rhs Papeete? be oss ee is ee eee ee. we ie RR pore “6 a biked accaten Rls Os an Satan week 
fy Spe mle ghee Fe S s x& . . 
4 vo a HOY Be ee A ee . PER RE eB eR sos MERE Se SO GS TS Rigs oy ‘ Ser NSS ues DR SAE SERN GSS ws 8 $8 me NERY TAS ‘ “ Pn esi oes mo : oe 
’ 
££ ak SS os ~ . i Ss oe, o¢ - y ? < 4 > erst > 2th EI sins Co58 Se wae P oo SRS 
von ae ? < a - 3 ssh ‘ 2 Bayo NAN sy MARA MS NAS © a rB we aw NN ww NE “Deh 
> S S Nos * a oe sy : 
Set eek JK aes) ~ ye RS ye Ne ‘ > xs ie * 4. & H 3 4, Fe ots ay 
3 3 3 ; : < Fe a. Seo os aoe 2 sc i re cae be es 
‘ bg ™ of 
“ “ : > g . * 
, ae ; ; : ‘ aes &. 
ase * + 7 ¥ < : Paes > oO $ sy 
»@ $ a “ a ; 7 aos ; . F pa oy 
Md > 2 > re ae 44 Ne ‘ Re ne ers y 
> ¢ N ‘ are S Aw Rg) Rake als: ne SNS s y s See ey aa 3 
s, N ~ SX . 3 
S\N s oe ‘ ¢ Lt 
Ns a “ > toy f ae $ ‘ ¢ ¢ ¢ a sg GhCOR. ates ‘< : : an : ‘ 
tae we OE ee ‘ ne tals Sete 2 aes 
iss ¥. 
s ees deh ‘s vy “ x g > Me oF me < 
pad ‘ er, a? oats ue 7 ‘ z. ce Zo ghee ae 
é Smee a 
io Soe raps aw fy 4E 7 & ¢ ‘ RPV BS > vA 
ANON SN 2, iN ‘ wN ta fii is av 
> ‘ \* 
& 


‘ 
BS Cs 
Ex : 
N 
‘ Fy 
Mae ‘ D3 > é 7 ee 4 
sd ig 2 . ¢ 2, & oy 
< ‘ ot ee DEY OY AS 
%, z NON NOS 5 ro “ ‘ « tye Ste eae ‘ 7 eae we Ne ses. x Pa oes Few e eS 8 
< S > S ‘ ’ s . > met 4 oy a pS 5 Be BAN 4 Rey S get % ‘ 
= * 4 . ‘ i > 2% x MN Re ov RH sre Sook o ¥ ate ‘ 
ngs > 4 ‘ . . MN H < 7 e 6 ee <s eo RNERLES Ow Ax ee ee Late 
an z 36 . ar 2 aN Me s ° RR i oy Pat) SMES ae RS mgt OS Shere & 8 2 Pah? 
i * , ye USI see. lng ee ae: i gs sada kg BY, gn oda ® + ow SPE ag oe EES BS oo ‘ 
ey wea ove ~ 4 a enone > > Y we ” Wine na BO» ce # & ¢ - sg . 
4 2 7 
& x N 


‘ 
, 
. 
* ¥ 
rat é 2 > 
s > 
* ‘ ‘ S Do pelt: ere By hg a ; y ‘: 5 7 
© 7 . ‘ ‘ 3 
’ ra ¢ % F sac ¥ ‘ <a A <? é ‘ < 
: ‘ 7 rae: oe ana, SOS Te oy r 
7 , Bs * Pa. RRS Fe HB ag cs oe he ae : iB ? 
y . & a ‘ v 4 
4 iq “> x v % Fy s oS s s 
“4 xy % Sy pe OY > +a M4 a > a> z # ob aad SR ae 
5 S 7 by ww J SEBS ose pate é 3 - Z : 
. i 4 b, b : > ‘ - a #3 3 pS ee <a oe hes BS BEM * * M3 oe? ns 5 fats agi & ae: a ae 
¥ . y an % % ‘ 
» x z >> ¢? % < ’ . ¢ 43 % _ ou : ae eS EE oe & hs ‘ = as 
. ‘ ‘ oN SN > Sa 3 > ot oe e 
a 7 S oy ge ‘ > Rs : 78 5 Oe OGRE! “Peeitel eee G - 
’ 3 S gietagan “eee » : - a Bs ok gs atone Bh , a aa ’ ? 
eee ’ 
yg ‘8 etgl , W Pe a 4 ‘ ‘ A > ay ‘ 3 
sl ‘ 
5 S oe Sve? ae os < g fose 
. ~ Xa 
vkNOY 


res > BS 
OER 8 LES Bh RRO 


» * & ¢ 
. ° . 
° & co area Ra CE QRS 6 No raw 
°; gk, St : 4 ey ae ath, SWASABMEPS Wo YS, ws AS wer as Rehthee SSDS Nop Roses BAN X 
~ ys Ni ee, ee er ee 0 pes Sey NNN SS 8 WAS Qa 8 MSR ge SRS Na es Sag 2a le a ve elem Zone , 
NS . SN 4 SN NAS x » > , oo e4 qv e8 aan : i > of ¢@ cer eaea ge 3 ° ee 99S se . roy e a at ‘ 
” o Pa ‘ > . as ’ ee govie 36 ae se _ 
BTS EN : § i oe 7 Pee ko ok Rate eS Aw Ss ‘ ceS SS 
* ° . H 
yo » q = ‘ ‘ ct 
s os 
4 N 
wr x Peas’ pats £4 i \ y 
‘ ‘ * 


patos ane “He aie ee 
A ee a ces oe. eS 


és 
& 
‘¢ 
< 


BS x ae : oh % cae & 
wo ‘ x Sway 5 S 
SE t aa ee . 3 ee Sioa ey NE ee ae Sie oS SONS 5 
N EAN ‘. * * 
+ ¢ YRS we aeS > Sp OO es 
» “ 4 OR oye a yy * 5 4 g ox 6 
° ey g y h 8 % Ro Qn we % $y s Pars 
oF fe ee : OR eg CR ate shh S ¢ eee 5 PES y we SFR GSS ee SS ral Rag htys a » eS 
i Sil ‘ nN Now ‘ ws ” v ‘ eo Pag 8 » s > + Y a * > oe 4 
‘ ‘ 4 aan > ’ % ed ce > & * 5 feet ay Qe » 4 
‘ ‘ yO we yi x ¢ > ees Rg yes cad 2s % ‘ woe & a? anit wheoe "SAS, Danby, AS « gnaw fs Gs g Goss 6 Sas 
ghee bioetaat Bite Male ores bs ‘a oer Benn opts ies tela sae Ss oe tg Rate ng & ar og wee wysere £ Pew BR a gansee Ba BY eNORGC CER TRMECN RR etd yy Shee NR REN, NE TERS QO ne See ARS 
é . hs ae SONS ‘ % So ee ae s SN 5 Sy SONS Pow sO S ‘ SEE SCN, eter ENS SIR Raa Wadey BY oe 8 Sas x Mee b cd? eon > 
See Pe ORe Sk SN BOY tag. Sra Sg Nog SA ‘ * he * * : SONG es a 248 * me ak x CRA oe ; Fo ST SBGh Le gy Pe ER OTF ees is 
ae ’ ae aes owed Nias es 2 Ps eee : ‘ sd ei = rane a * oe EMR EC ME ee 6, 2% Ff % i owes. ae £ 
i ’ > > . 
> ’ ve 
¥? $ A ? Kee $ , yi 5 a > \  ¥he EY a 4%, eee Wits sere ge tet JSG Ge uy ” 
Lan ae > - ' > > 7 . » roa ot ‘ > Bey R % > Ye 4 arn “ee 0 a8 Fy > ty) ree. v4 s “ dee OF 
aN ‘ 4 a at ‘ a NONE > ow 77 a e a2 ¢ ° “a v y weve a fé4 = oe . a ’ 
; % a «5 wok 2 eg ‘ e > Ph > +B, ‘ ray ae y . ‘ a. > we see a te a eed es CE iy: : eR oe at a3 : 
” % ¥ 7 bs a > ‘ * 
Dy r P ; : ee oa teen oof < : ee a3 pe eel a oes F * £ 7 be " a as wee 
Ves, a % a - * “ 
‘ re " vio. vie Bote _ y . * “ ey, 3 Be Sy? Pi * oo BS as ah Si Be > # wh? 6 Fe re Loe ee 
’ a 
* . * x > mA oi i ee t oe , * Nee yas oy ‘ cg me RT? ‘ ‘ Gates s ? “ rake 3 a? 
> > 7 ‘ “ . s 
ales % Poe N a oN 3 4 > < » AB ey ae SS ‘ ae ote ‘ ar et Pee eget ere eye omens . el 
3 7 > ry x S ‘ ah eve? < F y* : Ps es = MeN Yow. ae rh tad oy, Line ~ Merge h C2 Fy ra we €? ’ 
8 z > ‘ ‘ ° 3 ’ esd at cy OEY k Rege a Sak ee en 7 an Ba $y te Cs = 
PO eA ws 28 Be ‘ fy. 3 y Pe Ve ¥ wwe » & e @ 2 foe a One egssas. - Se ae ad we nsec ess xe Ret te 48k Rar fin P mre rb warty a 4g Bot rp FFF wn 
«é ee «8 - Pkt 3 fy be % < oo. : t, % 4g Oa ie ds gehen. b GRMEe, ty Ae 
‘ a at ¢ . > aoe : pao we ft ‘ , $ s ee ts 7 tee ¥ F te oe a. ar ase oe dee ot 
> « $ oA ae ? ? Np? as eo ‘ v FEL ORR Le 4 ay ’ 
> - * ° , > wtf ‘ « 2 aa é L 7 % : Fi ‘3 > tw 
s S PM ies an eee ae @ ae ve at 4 t po, MPs tte ees af en oe eae fs cv 9% go k wi? Nos Bay oe. oS 
> s . * 5 i Serge Meas > , BS ge 8 m6 ‘ 3y, S78 Niacigie “aan a Re ONAN BB AGAR? S a NEN go RS 
zt q % o + wee tS 3 Lope a > Py Pa & cee SS pee is ce. re Dorey ae aN RRs aw oo sas ge Ss BONN S Ney ee mees ‘ a had git cs 
‘ ‘ xe oe & s « > a x > x vog a ¢ ee ae 4 > iY 458) ¢ “ 
. . . tet eon ay yee Se. ‘ x : ge th io Hi : 2 > ¢ > won $%. y 472 ge D8) y ae aig o4 Ber Stee - kan 
ee Z ‘ , a2 >? a ’ var «, es we} 3 ra hae meee) wes BERR ‘ an % <3 PN ease, Pe See ie 2 tS 
e¢ 5 ‘ * “ he ee ‘ AAAS > > 53 awe mY 3 “ *. 
> e ae Roe a 8h wR RA 5S My a + cbse > 
aa Re 3 REO og. es Bg DO hee a ae Sig PRY deg aes Pe A SOF te eae eg AGN tegen eR Oo? 
- 7 5 . % sf x os 20 Se? ag 2 Mey by 
> c4 ry os ‘ ‘ : ’ A AES Nae ; on xe nie Race ae ge ¢ ey ‘ 
v ¢ 4: - + a 3 ¢ qe ry ae me x < >> = rs o> 2 ‘ % 4s x a aa “ 
ua > ‘ %y Y a 
eats : Nan wes ‘ wes ee Pats ya eae HES dapie Rak oe gah oa S ane 90S wae WSL sh GB MES Pre sre 5h oy rere) $409 * Pe ' 
wen Yh og oe a eR NS ANE ‘ SS.) NYAS x ke * oe rt = PR APE OP > wees > 2 8 ee yey Lia eee SE ehealwe lly er Ne ‘ ow 
Ry y * > Fy “ s of * ON, AN o * Se o} > ne ‘ % 
a id tg Seen > A oe 8 as gage MANE < y RMON F OR a iy RE we Ceres aM“ oaoye PROSE ia ie re rs? cm 2D i 
i s ° nae ws x : : Co age TE ’ Can hs * 8 fas OR Riso hoy tages . 2 fn ee exe f Dna tie <b Boas SNe 2 
< + a “ a > 24 ah s % > < ww 6 
¢ >e 5 > « ares N ig \ ri : <>? Bie ¢ ae rane ge ‘ > . Ea .eM ae, V 3? 
- NS * $ ‘ a ¢ s $ * aN ae) * Ronny rs ‘ ‘ s > a 
ve “” % > > r cand ye a . ey aes se : a > “ g 
> > 2 y 1 > % ¢ & é a 2 
‘ ° > , Sse Be we : . e mos : wee ‘ , .¢ wa SS 5 te 
. > : < ~ ad m, wee SAS s Bo : og prep ytd ¢ Pe DP idee a gmeae ep oe ee a 
ee 6 >> * 7 a ‘ ate i * # a > toe % 4 ore aes a ee y ta fe og #. 4 ra ners ee < 
> tp > > ean ‘ > “ans oe oy Sa wed ian ae . ete 
” » > eels : ue. 8 are) ’ ‘ LZ _ fete atte ae wake eer ween ete han beg See 
% www aw ye we ~ ei y * Ss R A £ 
sa ae . Pome Satie we we nt athe ‘ ° OR RE Oy wey * rad 2 “oe ao sR of eas Np we SRN Bus N Rey >>, ee Wg 5 & 
. re s = : ; ’ i Bin » + £ x : * . 5 
* > ’ ‘ ¢ 8 
“ ve eo ‘ » ‘ s 
Py f > 7 “ ” & , 3 * Wes SST cy Ps ‘ noes ‘ ° age, 
evn 4 > > > 3, 5 “ ‘ < ; sf oe ge ’ .s 
< ‘ > ‘ 4 > > 4 
‘ y . ay <6 4 * any i a 69 ee eg ‘ ‘ ge th ae ‘ we ” os oe 
a LY sd ee > 6 f ’ $ x » » ‘ ery Cle ne <7 4 eae “ ge > > 
¢ ‘ , 4 : yd ‘ % roy bare tos ‘ 
bow “ ‘ ‘ > Fa a ’ € ¢ 7: > > ‘ 
$ ee ia > : ’ > ” iH 7 ¢ » ae ‘ ‘ 
> ta oJ * oe v < ‘ >> Fs ras > ae € oe ee 
s %3 »> oe > ‘ a ¢ > is 3 Het . , io 
4 * ¢ > y, > ceed oa & hy 4 ‘ > € i ey 5 
“ - 3 « \ x * ~ ° ‘ “ F 4 7 > ‘ an 4 rr 
” S ‘ ’ Pear 2 4 * ¢ 7 e 
> va “ e * $ “ 
t . < > é ~ RP a : Pree a8 . 
a " < . ’ ‘ s ot Oe > 
oy ¢ ° 
~ ‘ ’ ’ mero ‘ a “ame ov? ‘ 
. e ; coe ‘ a SRS A % ae ae: a 
e * > " s s Be Nee “SE Se z S ‘ ay ot 
Fa : s > ne S eck s ne > a ph > 4 a) v 
a a if 3 < ’ 4s << « < 
Aas on “0 Nene ae ‘ a < & 
a be ¢ we yO S 3 ASS lo RR og ea Sr sys FY % nN wt Solas, NN ¥ Sete PSS 
$ ° $ _ ne s s Loar. ¢ a ‘ te fe 
k. x ‘ g x N > yA ‘ } » — Sm ay 2 i i ‘ 
> $ 4 ¢ ’ > 4 he > $ 
¢ ES . . an 
’ ‘ ‘ S > Pere ti aoe % Bp sre shea, aS ‘ as 
‘ %, “ > ae a ee e eee 4 o 4 4 a8 yo 
ony Ms > * : 7 a > . aaa re en ile ane sy fh pe EOE ORR Ngee og 3 nian a8 P ‘ : 
ry ~ avafwa ww vew ~ Z : 7 a ; 
ena as $ ’ ae m 7 ‘ een oA aes ‘ a SS Man ct % ‘ > : Sige ON RE AN s 
‘ oa ge a : a CR a es an ~ yt ROP ay x gh 2 dgNr > % eA ‘ a “ 
ny s a x ge OR i Fo ode . SMS a . ea Sy akeas gy Fee S sm 
if * > e ‘ ‘ * > + “ aN s s ft Say . a eas wa Ts PrN * vane) Ne y x 
P ae . > > ¥ ‘ + > — . BR aS Rog ib sehe SSeS OAS A Log OY! 
S bi Snag a . a > 4 e8 ‘ YS hk ee . 2? Ne Sh @ ont? ry Pa a eye? 2h% Were Se SROs 
< Nae Pe Cae FS < % . s Poe = ae ee ata . a 7 ¢ oe > aes WS oka aa’ 4 haart 1 gay & fanart ty a 
‘ ‘ > > ” > 2 i *$ ; 34 ar gaghy > a sgt rr ‘ iy nt > 
° oe ae ee _ ‘ ane ‘ ‘ > ag ssiet ey > <3 We ABS ae are es ‘ 
: < , i : ca Gl eae > x ae & a x 3 é > Pig i oy » ee FN e * 9 > y rest? f settee a ae 
2. > > wo? $ ch” te PR wt ae yer ¢ vs SRA ae a a4 of? 
4 Soo A aw 8 o> aw > a va? + aw s ? ra ae Sh ; O28 ce pansy Kae oe ae We} : vie ay mee g® a yyee & Pettek ce FNS 
¢ s ‘ am S : we oN OS x Lea ey > Bs >”. see PEND eae vg 
. ¢ fe & SON x ’ % ¢ ae rae 40 y ban] & a? > 
ay < an ‘ ’ * eA tee ge 3 toe th 3 PY + 
ree ‘ paw ag é ele fo BON Ko aot 
af > > eos ° . > 7 + 2% ” > poe “ io b, oe “ 8 go 8 Oe Tass peop te ok ¢ 
$ 2? ogres Pgs rs Pe tae $055 7% arg oe fe Ng 4 oe ei Bet > : ONS "eet! ae BAe ohote 2364 * MBE Races 42 The. ae OR ore 
¥ 4 y ae ; > re sof? & > roy? “ S sea at Cy se <¢ wet 3 go seh > 
we > “ “ ¢ ‘ s ayes >» ° > < ¢ oe co BS bet 
Ss as 6» . * 7 “ tog 48 2 ‘ s see? ‘ >» ov a¢ ge 8 Bren 
a Megs 2. eu > ON > agg As De pe ’ at . , , ‘ OO Ns ee ge ORS pa weeds Cv ee oh BE Cy ee RN GS ” 
i ae? oper wy b> “ BES ge ocermca TES Sa pa Ae ge” Ho By SRA Re UE ei, OME : Be RD OS Rie eh ng en it eae ets The CREStECS SC 5 SOUT EC REL MN 
ee ce ase eree ye6 wre ren ak > ane SOF Sy a ce ‘ pa $e 4 f ; an he ge Be SB Gt ME yet BE 5 gen BRE RS 9h s 8S, . : 
a : > 4 ‘ ‘3 > Pr ee cot ae oN : > . ee? F Mae os $ ve oe wes MBN See ere Oe 8 Eee tT Seen 
v o a: “ v oe ¢ * 
vee, ate Se et ae eee ee ee ee eT > naw g gece PP hant “hats aerners fen CON ay ae x BY BRR tees bar gs ag es ~yeeeriy aes z Bad 23 8o5 oe OS Peee ae 2s ae 
ba * « SN vy os aye . ¥ Kooy» e os ‘ os 
‘ aun FAS es NS > > ee ree Ge Ree eR VS Fyre bs ge OF ae & eo ON 7 gf PER ee er ae es Saree he eee? SRY Oo peavey Sek oa BA alge ee KS 
v 3 + * x Nay s s & Ae AW se Stdiae cay ett yet Eee A reat as a 
a a Mg ve 8 bape MD S ‘ “aN % . <2 Boe gang ee gue SaaS fe a NR . nib akg : Re LOSS . ate eae Bore ae ust oe* & ‘ “ee SPE TL se ey eh, “4 
‘ va bamete 23 wi Rake x ene ONE a te OME ene he Bh ee ~ e fr Sa * ¢ we a od Bere 
Skt SN Soe te Dh onah witewg deem wey EE OT ie ES Sekt haa eo ers Sean $88 § Bn ag z WA eg ; at : , ‘ sb Pee, Lobe BEG OES wee $3 Bene 2% wen awe ae yd veh? ee 
# < > ¥ rd Ba Ps + * 
ot ‘ wo 4 ee ee + > ¥ ard > > aeiat 2 A te ge OP rs ay 
a, ’ ’ a er > Q a0 ee ee ee ee ee > > ts vow YE Bye ae ee : the ONE ves ete 58 
a #. > * fs ta a = ooo >y Me A 
> ” ¢ a > a4 ‘i ‘ 5 a oe te Agee ® we % Depew, epoey¢ 
ren be fee oe ce oe ave, 8 ve > Fe oe ON Bt, ey WBE sao SE N eo Pe Ne wa Reso ave ges 
‘ 4 * 2 2 ‘ eo Mey * ~ + “e ay da a Be AR fe 4 & ea NAH . . Py Pear x oe Brey sf < a > > at > we PES a aro s so + pr ae ove Se ht on 
eS LN N ee - yi i ° #8 SOY so 2 eR, em Eee SS CRS gp 8 sas ae? Sf > oF ge oe : pd 2 SEs ye om Cog eb Gh ae 8 Dae vee See a Sar LE 
aor ~~ oe cov? 7 ee fet oe . eee ae Sees eR SE a > Ey > ° 2 Aa aed x aa wr ey eRe NESS TS Bae 
fot ‘ age Par ho” oe PEI og artery a7 oe cme 2) rae ge RRS Ay ~ oe > ~ en oey Nyaa S vagy Se > SPAS SOM Saeed dae > Sots oe TES 3% oH pg 
> i, FF ae oe Se Oh dees 7 BFP Nye eh ¥ & ‘ go E8 ? > ary? BPO) Sn ge: ee RET ge ee 2 os Be ety eg ae 
hy Ore e ” Se ke ee ‘ ones. Aone ote | Re Ahr eee a ‘ is 8 ie -* ra is a ‘ GI ei, PN a wn oe we A ee 
‘ < ee be “ ete Gea ey “ > » * & fo toi came eid s ¢ tae ~~ ? soap ty, 7oe or Sh ee a? 
‘ * ek oS en ho ; ee ey SS, ou oto bs ‘ ae eS % * + So RR a > Se $e ER Og ge Fag ¥ 
¥ , eg E z is > Y ergo 4% * > > < ’ f * Bek pers eae fe 
ae rs . se > he: 7 eo ¢ ’ ¢ an: 8 Eee + 
7 ee avt 4 * 2 Oey ear er as baer “ 3 7 a ee Ba < » be > > - 2% 7 5 # By” see o ag 4Od Be 
: ‘ SEs na Set oe Setetes y oh ee A : . oe , 1S ee CE me yrs eae 
x ‘ : * < > 8 oot 2 Be ag cue? : ce > Joke ain Se ss yee ts te en, ar ae Ta ere 
“ get e . a 
. ca , ifs an ri ‘ = F wee Bot fk As < F awd . = 5 te sar ?* pes ua . foe ag Mane: ‘ 
° 4 ‘ ee eee ‘ > > < te ‘ ‘ % set . fe gr be 5 
ae : Se us 22 BS ye 8 : 4 geee “Oss Bee 398 ‘ foe Le 4 aren é : a ae an ¢, : : NA PEE og a€ ve, ane ae 338 fee se ‘ Tete x 
* . “ a a a a " 
riers ie : ak yay on wage MEY Sa Be gv > oe > F N z x db ose S°SiKe aN ENS Be See rks co 
‘ ‘ . . wn Fe ae g neve we > 3 “ ed bos 2 a > % Aa AZ. 3 > ate ve rs) ne Arak oy so SER 
* ere 6 + Pie : * SSL 45 9 22 Stig, Bete aes ‘ ¢ ae a. ¢ aes haves ES 3 os oo cle bared’ $ Ska Se Sa gy tee PEA Sg ate 
2 $ at oe aoe ae 2 ray rer ec rs 4d Bey Oe LN a % $$: Ea Se AS o Boe ik, Seder a8 pete © > ae 5 s8 3 Peed 7 4,8 > Fe > are aes stot S| 
ot ra " e <? oN zone ave* Magy > G aN ‘ * ‘ ga ae a ne aoe 
> ’ ¢ + 3 ade Ww? De > ¢ s * a 
¢ * * 4 > ca “é nee . * ¢ “es a ¢ N me DS Blank dy, ad oy 
’ ¢ on . Nae ND its ” ¢ + aw , > ~ : 6 oAS spe . ~ tee Oy % 
> > Fo oge > %, M$ Soe oS oh wvooue ~ Me ah Te ie S ~ RF ANS SONOS “ i Slee t Sb 
¢ a ‘ “ ei < we mh Sate Sage we < Be a Dawibeangeag ee oy a OY Pa Ay XN A m ” on e cae 2 
ba AAU ORE Sg et npg og « Seek yeered cea SOS Tee ay wa) AEE SAR eas , biheig Reel be, San) hes oie aad 
ne Spee nae Bor go Hoe Rae sore rs oN ae yyy ve gi bone oe toe pa eae oo Soong e eB a oS rs re ; # Po ye ¢ car is ’ . whee hee Fae ee. AR 
we . > “ % ’ e & + $ go OY. , 2 oe ‘ > et Bur eee & 2 Bae OE ok af 
eo ’ ey ee, pate * 3 ay: Mees oo gpa ig BOY BRO OOPS Re ee yay ete 8 ag ‘ z Nap. Senge SN Se tap hes Fes * ae PS Ba gst eater t: 
wo ¢ aN ees 3 . po ey ae > BeeM <A % y N ‘ ae ¢ “ is 9 SIRS TRS * ‘ orb Hy ge S 
ou cess ne a a we ao oe ete awe wth 6 s ms AN & ay agg “pegs © & 
a? we? wt we a Aye SoH ye foe ‘ e ‘ ys ra » «ha Bb ge ee eos 
a ONAN A > > “ aes e tate eb gh 2 ¢ ax ee Pa 4 fa T% 4 4g > Does 2 nes tL 
be s tS ‘ een? > oy a} « i v, OF é ce ¥ ve? ‘ . Fs A 9% 4 oat ek ¢ fe aw OF ap BEES wet ee 
Og ea ae ee a, ee eee ee ss eer ae) ee MN ee ke Ae a a abe 7 SR EE Be ee Lg a eS 
Pad é y eo¢ > < é Nae ~ o> % OU Sen oF s BN a > ond a Ne GS Pe - pane Gus TES gs ae ¢ ve ° o ¥ CE ha * ae a6 bet Shen TOR 
se <u Peers ~ om ¢ = oe 6 & rd 4 ora > ‘ uw ‘ v fa mA a oye 4 oe BEY 
Nett ‘ ih oot eook Sa? ta 8 be ee * oye es oP SORES ES, =m, ‘ Sahh OS > . wa et fa i & ae wet ‘ yo F ° PRY ge tt Boe Fe 
ay ’ ae - wr NYY ‘ A < * yee tees Ot Ae Ree eS aff id ah x > ‘ Pare ee a aa a REN +> veh? 2) pete, 
Bete RO sit Ox eset arr. * >  F Gx ate goo db bee > + % . not ange 2? ae 4 4 YE ve? ye Se 8 gas Br Tees vo eke SERS BIT 
wet : ya? aon 6.) BNE Ses 5. ee Be Re ae tae OF y ok ea: eat ts - oe a ¢ 5 < Oe a2 > oh a ¢ * ‘ 2 ee Sage art Be ae 
fe 5 ¢ A ane ari. eres Ea “ ON Eg tee Rem EAM > rere a? 3 mei > Go 0 ig oe oak ge Ri arg ES reas ae ae Beg Pe eae Be 
* * * ¥. > S < h ae = N % ‘ * + * “ EN wot ons on 
ah * 2 aed s — Oe ds aS Big He ae MOTE Sw tee HN Ee Sat EEA ae NS ge SO eR ge cn * . we >? PRR URS Ge ee gy on aye ES pak & Task Neca Be 
oe A > ery a ae “ a pee » * i ts ¥ ca a > >* fs bo? we 2 
Seot aaa s x < “ eas ie $8 5 ‘ aN Soot’ ore a Beet . > 5 ; ° Bos i 7 ae o ar ‘ 23 2g TAR 4 ae Mags oe a ae 3 as ies Cae fey H bast oo, 49 Se BA Fete ie 
> > * x a * “ - ie e ae “My oxy « << ” “so 
an en ar =p pers . 2 © nee eta - er” payee 8% Bl ag ory eee at ee % ee erat whee 4 aes eee aes eo we eA eee WAN SER ee? fae ANS UR? re ee as * Yea > 
vt? hes . i is ae eye Cee < bt a> Bee “yo Sass of @ a . 2 woe ae Sse ed ees Sey ay By FE Re peel 2% gl Bete MUS 8 Baa Stet teat? a sa$ Ria eel ot te ws 
gy eee ee ee BF Oa” A ee a ce SoS ees eee ah ee ae phe ear pan ass SOR Re AE ees AIRE Ete 8 oa merges awa his, a ae emia y teks 
¢ re s amr sed ay * > . 4y >< poh girs wh ¢ i Pee 8 ‘ aot * 5 voc: ze vad oe? aes cary “ot we GRHE SS Se * 
she ee ae ae Se cane ¢ SON eek Soe aad aes ee ee eee * * i ree Bo wy TN nee BO? Le ten Sha 7p 2 4 $2, ise Slee er f 4k te fae p 2 YEE as we IE Sao y 
i Feeraed v s we > e % Mee € ‘ oY baw ow oe é Se g got xd o 4% eee wr Be Pe Bees NEA? 
a eae ¢€ 4 ¢% 4g “ye eet Tyee ai atte oe chee eg nett SONG whee ge 2 LOPE ? Cee bit, Sq Suet ‘4 Soa page Opreree 8 wove Des aoa once hee og ee * Sana OSes, sere 2H EE? eeagt “ee 2 gts 70 0% 2 pane norte Bey t ney z 
Ce ok oe, FEE are % gett oh Mae 6 28 pees p eae ? we ft Pag cae Sas vee Pe ga ree “a a > “ Mes ne are > fev *2 a7 ¢ Teh age t Of Qe 8M! ° FESO TRS 2 HE SRBLE T For * “he pees so ar ae 
a BEKO one Oe Eo cere Yaron y a Ny yas ¢ Syavteee? “PIRES y hake é ay OS : ee ae ie WH SB Ek age th miedo gfe “Ef ett ne Sai Adeeny og ang Fy Pow ue te Sa pee a we oh yy Ge EPPee ae te BS 
os Fgeties af ars 2 Tae te ROM Bee Agate oberg, Glnt SETH pS 3 pat wrk deen eM ¥ Bory Spas ee PR ES a 88 Sey peer Swe aac ¢? Foe og & wr 6 ZG yp oP RT ET ak ace he On 2 ui gee 2 VRS 
© Ube BB ee > EB an ahem din gee S pea. Soe Rertaree a alaeaee 2 <i area SEA way ‘ ae ae aye Page Sf geewem Fb. Pee Bee ae wets 2g Spats Bee keen gee (6? FY A Saks, egg ReneS yaw’ 
+ ” on ” ns ~ “ wi’ Roth, > & © Mee * ¥ ty ng * 
wo Egg ae Fe, paceeee re ERUPT hy ek EZ La gu Ok ED Soe eMANSRET ET Ae) awe cs nat tle ye rts oot ye” Feo 8 RGAE IE 8S eae fat Soe bike es See Be SAT eee es RECO RIAN VANES : 
4 ooh 66 TR log gk Ee z > Ree a 44 to os pobter ey ¢ ar ete 4 a PRS Poy os oe ge oP OST TYR oey eH 8 oT eee & 2 Rey ST Pgeen’s vee tyeP ‘ % ee 2, BR eh > 
’ ww Be > ° ‘ 3g oté GRE & egg or 8 < $7 ot “ e ee > er ae ne # oe Be oes a sy wee e eC 2% pa booNe a & det Bee SHE AO Pas 
op et? BoP ae Py > ag has ren PM OY cage & Sac ose te sea 134 ef ne? *” ca ee es ot np OSS vag et ay ag St ov Doe Ae oe 4 ceed feet Oty aoe a a oe, ae 3S, 
4 Aen he een ot Be ne @ of eg Ce HE og PS FE MBA eve ‘ “8 at £8 SY . tg ot ange “S waar S% age BOY oe Oe ge age EONS Lag ote 2 oe Ho OR Bee by 
eee YC ge oot eg ea oP a> <* os pee Soe Sy Pare a Sec wih Pac : oy gi dates ae oF ao Eee Sop 2 Bt Be? S eee ety ahere &. 27 Te aad bo HERAE % 
° ey eer > vs < She, ay tg ae €3 4 oe% Se 8, a¢ fy 20> oy Bah we ts UF at SB Ir Od Be wpe CT B® peer heres Tee eg See of se ¢ PR oe 82 4 be PS * 
” x wv oy ore ue oe a oe prod eee > we peed o woe FE a y AWE Ds we EES ge O28 eS 8 Aue Be Ea pares 4 rete eee? aoe F oe SSeS 1 
oe Agee Oo * o% ar: eee? oS * x Hees pee a > aot a » 3 wte? e NGS Re EE ae RY oo te ete if ot hog oo EA LS 48 g Fo eV eset 
Ee Oe gh eR Bee Gree Bo nee Bee ot PS EE patter Fee, ¢ e Tee ghee Sh? ove BENS ete ae ‘ a ee ay y Sye o> es 9 TN ad Pigg PCRS BO pty 2 Sept MP BAAR, Os SES SF ge og SS Co MEeER SST AAe EN 
artes 34 we in cage F 7 ss eo ¢ oe. pees af gt ewes BOY ae * FAs a ae a a cop mushy £27 4g PRD ME Zeer ot oo 2 MSE Ne Bee ot SESE TY eS ERS aoe FA Me BP RL a Gate OARS Ree 
. ¥ 0? *“ es ¥, Age Bo rary a Soh MUNGY SE % Uo > Sete tie et 2525 6 oh Ree > Atos See Beda ty § Brey KSe ae 
eae? os ooh da a en8 at 38 8 Mea Ge eevee . ES ¥ BEd, FL EE Ge AES ak Pe ae po oes oF HPS BR wet te CER FS, . 4 es wees Fe RE Re, Be 6 ORS 8S ons Dh pe @ 6 ADE ge. 
3 see faa 6 28 OILS gs Se ” ot eg Bie we BFS Moe ge ed eaeret ag ete veces 30 Oo x 5 Bho oe a ee ASST eee ee BES Leg gO BRE Ne Eaeaeee 5 Sy tes? Ae & ee ee re a a oe 9 PBS See go FSS 
se age ay eh “> ¢ gorges soho Top ae Zope wee & eee re * we a ¥ «ft ars $ Me ek oe BReeKGs Oh eh 2 gwen SR fee > eae Bee see ee OE RAR ET 
ay eee wets FES oem bev ihe or? Se hs erp Y FAe 2 eee % eh RAS 4 4 $ ast Bast iS he ies 2s pres 082 Stee eer e gate OSE vy Bee a Hye t SPP oye 2" Soh ote PERE ee Se ase bas 
ope cee e pee aad pe 8 OSes ae FRE cH fog 6% oe fet 32 & ee cart ap aty hoy “ ef w dee Le sewee? ng OF BFR 3b TP Bek gee C8 34 Bb yO Bw Paey By GOREN E A 0c 8 Be es FORM 
+ te pF o> ogo ov bbe tS ga ott VF ese beracd water ee ON ao oo % BACT Rating BE uae whe MS oe ¢ BT BS ee UALS RS DER ete Ott Lod eee OB BGS peer foe Oe se 8 Peg Be EP i os 8 ES 
ag Gor oo 2 re woe F FM Bae ROS DAS yet $e WE Beet ¢ peores & a ia pera + on % > 4 f tae Sey Tah ee SO Ree ye EN no, S85 wb Bee 275 SOR. a ot +4 oD Py oe Pt See AS YES oho 
a ¢ nA NED one pore Sete + oe & ve? oe ae oe >Re Bed bere oe pee aye 2% 3 a BRE week 274 SA EE et Sud Om gfe 28 2 Bee ee 2°9 
¥ dee ate “SB ae aye te ee au eat Bo es9 ? ST eye 2a Fe. Pe htc be HF e 8 &. ee eo . Ne OS & BED VA ee ee FS Bh ge ‘ yy SPL » Vite Teas wt bt. Gee SE ate OR Fe Bet 
Pas fever ety 02 ow ¥en s fre net ete oy Se owe poole Bho res oe a8 et eg s te 6 ig, eRe wes & > ss eRe? ie 29 tee OO ee gE Mg gy pager? & Be By ote Ps 
ees Zoro oe Lh emyet % age Ba ‘ dee Seo ey ner vs ay 4m > * we ca oo. oe ge a Be ap de Bey? artes te s Bree Regroye > > TI Ba Y oF > see Hag? & TRE 5 ae 
ergo % 40% Fe hae OWS Beer gat oe ee coral % fs woe oe & OR SH, oa oo Fhe ya af 3 ae “oot € ‘ a @ we oy pee SPOR ae, Rh ete < ™ agt Be RO ES SET ES gS RE og ROM HOR eee ed oS, 
by Bee She Pale pee oe go 8? SAT bee OP Oh tegen 2 F Pateet 8 There ots fF)” py he o * as wg > te oe é PR ere See we es oF PRINS Fat ge ee SPE. cea t lel age, “2 Beco “ged pant Coe 
o%s yee Wee pees y bouer | oye i a a ate ot yonen pte Sie b te? wt x + é ab oth hae oa 2 x é Free t3N jane BT aghk eee ee, aa ane Rae OSS eS ? feces xt £ “Se a Soe fh 4 ey Lee WF # vo 
eet wpe ee FOS oe 0 eS Ge Fogo eeset og F eater ae at oma ae DME ae oe RPMS UR MES % aes es = BY yg a SHORES ve tes < 
S eet & 4h, eb & Mine VP eR NEES See ge os ET og 4 oe 3o Soytt ev egea vy SRL aes? fe Be TF x a PARAS > 
wet ee FBS See SSK GE Se me oe? Be ce MR res ae RT od ee ~ yA Stas eae a +o * A, pial ae ae at > 


S 


wD 
4 
es 
= 
ee 
Ree 
‘7 
$ 
3 
e 
Es 
¢ 
a 
mad 
os 
ee 
ae 
4 
PS 


Fe oe 


Re 


RAM Selection Guide 


Commercial T, = 0°C to 70°C) 


Power 


Maximum Current (mA) 


Access Package 


Part Number 


SY2148H 
SY2148H-2 
SY2148H-3 
SY2148HL 
SY2148HL-3 


SY2149H 
SY2149H-2 
SY2149H-3 
SY2149HL 
SY2149HL-3 


SY2147H-2 
SY2147H-3 
SY2147H 
SY2147HL-3 
SY2147HL 


SY2132-1 
SY2132-2 
SY2132-3 
SY2132-4 


SY2133-1 
SY2133-2 
SY2133-3 
SY2133-4 


SY2130-1 
SY2130-2 
SY2130-3 
SY2130-4 


SY2131-1 
SY2131-2 
SY2131-3 
SY2131-4 


SY2158-2 
SY2158-3 
SY2158-4 


SY2128-1 
SY2128-2 
SY2128-3 
SY2128-4 
SY2128L-2 
SY2128L-3 
SY2128L-4 


SY2168-70l2] 
SY2168-55 
SY2168-45 


SY2169-7012] 
SY2169-55 
SY2169-45 


SY2167-70 
SY2167-55 
SY2167-45 


Organization 


1024 x 4 
1024 x 4 
1024 x 4 
1024 x 4 
1024 x 4 


1024 x 4 
1024 x 4 
1024 x 4 
1024 x 4 
1024 x 4 


4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 


512 x 8{6] 
512 x 816] 
512 x gl6] 
512 x g{6] 


512 x gi6] 
512 x 86 
512 x 8I6) 
512 x 8l6] 


1024 x 4[6] 
1024 x 416] 
1024 x 4[6) 
1024 x 4l6] 


1024 x 4[6] 
1024 x 416] 
1024 x 4{6] 
1024 x 4[6] 


2048 x 8 
2048 x 8 
2048 x 8 
2048 x 8 
2048 x 8 
2048 x 8 
2048 x 8 


4096 x 4 
4096 x 4 
4096 x 4 


4096 x 4 
4096 x 4 
4096 x 4 


16,384 x 1 
16,384 x 1 
16,384 x 1 


Time 


30. 
30 
30 
20 
20 
30 
30 
20 
15 
15 


40/ 11015] 
40/ 11015] 
40/ 11015] 
40/ 11015) 


40/1105] 
40/ 11015] 
40/ 11015] 
40/ 11015] 


Supply 
{Volts} 


Type 
(Note 1) 


v0 0D UU 


cv =a UT UU; UDNU UT; 


; 
[Sa 
No 
: 
‘ 
> 
“I 


NOTES: 
1 P =Molded DIP, C = Ceramic 
2 Preliminary Information 


SY2316B 
SY2316B-2 
SY2316B-3 


SYM2332 
SY2332-2 
SY2332-3 
SY2333 

SY 2333-2 
SY2333-3 


SY2364 
SY2364-2 
SY2364-3 
SY2364A 
SY2364A-2 
SY2364A-3 


SY2365 
SY2365-2 
SY2365-3 
SY2365A 
SY2365A-2 
SY2365A-3 


$Y23128-212I 
SY 23128-3121] 
SY¥23128l2] 
SY23128A-2l21 
SY23128A-312] 
SY23128A 2] 
SY23256-2I2] 
SY 23256-3121 
SY 2325612] 
SY23256A-212] 
SY23256A-312] 
SY23256A 2! 


P = Molded DIP 


Part Number 


Organization 


2048 x 8 
2048 x 8 
2048 x 8 


4096 x 8 
4096 x 8 
4096 x 8 
4096 x 8 
4096 x 8 
4096 x 8 


8192 x 8 
8192 x 8 
8192 x 8 
8192 x 8 
8192 x 8 
8192 x 8 


8192 x 8 
8192 x 8 
8192 x 8 
8192 x 8 
8192 x 8 
8192 x 8 


16,384 x 8 
16,384 x 8 
16,384 x 8 
16,384 x 8 
16,384 x 8 
16,384 x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 


Power 
Supply 
(Volts) 


Access 
Time 
(ns) Max 


Compatible 
Number Packae EPROM/ 
of Pins Type PROM 


+5 24 2716 
+5 24 2716 
+§ 24 2716 


TMS2532 
TMS2532 
TMS2532 
2732/A 
2732/A 
2732/A 


TMS2564 
TMS2564 
TMS2564 
TMS2564 
TMS2564 
TMS2564 


2-3 


2147 2148/ 
2149 
MK4104 MK4118A/ 
MK4801A 
| National NMC2116 NMC2147H NMC2148H 


TL. TMS4016 TMS2147H TMS2149 TMS2167 TMS2168/ 
TMS2169 


2-4 


Syneriek ROM Cross Reference Guide 


AM9216 AM9232 AM9233 AM9264 AM9265 
AM9218 


568A316 $68332 $2333 S68A364 52364 
$6831B 
Ree. RO-3-9316 R0-3-9332 R0-3-9333 R0-3-9364 R0-3-9365 
MOSTEK MK34000 Roe MK36000 MK37000 


MCM68316E MCM68A332 MCM68364 


MCM68365 
} National | MM52116 MMS2132 


2616 2632 
Toshiba TMM334 TMM333 
TMM2332 


eet | wee CP 
es ee ce 
re 
ee co 
ee a 

ee 
a 
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Panasonic a MN2332 
Siemens | SA8316 SABE 


SY23128 


SY23256 


AM92128 


MK38000 


MCM63256 


MCM68366 


MM52164 
uPD2364 

2664A or 

2664 


TMM2364P TMM23256 
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SY2128 


2048 x 8 Static 
Random Access Memory 


Features 


@ 100 nsec Maximum Access Time 
@ Fully Static Operation 

No Clocks or Strobes Required 
@ Automatic CE Power Down 
@ Identical Cycle and Access Times 
@ Single +5V Supply ( + 10%) 


Description 


The Synertek SY2128 1s a 16,384 bit static 
Random Access Memory organized 2048 words 
by eight bits and is fabricated using Synertek’s 
new scaled n-channel silicon gate technology It 
is designed using fully static circuitry, therefore 
requiring no clock or refreshing to operate. The 
common data input and three-state output pins 
optimize compatibility with systems utilizing a 
bidirectional data bus. 


The SY2128 offers an automatic power down 
feature under the control of the chip enable 
(CE) input When CE goes high, deselecting the 


Pin Configuration 


—" 


Oo ON DO F&F WN 


Pin Compatible with 16K ROMs, EPROMs, 
and EEPROMs 

Totally TTL Compatible 

All Inputs and Outputs 

Common Data Input and Output 
Three-State Output 

JEDEC Approved Pinout 


chip, the device will automatically power down 
and remain in a standby power mode as long as 
CE remains high. This feature provides signif!- 
cant system level power savings 


The SY2128 is configured in the JEDEC 
approved pinout for 24 pin byte organized 
memories and ts pin compatible with 16K 
ROMs, EPROMs and EEPROMs This offers the 
user the flexibility of being able to switch 
between RAM, ROM, EPROM, orEEPROMashis 
needs dictate with a minimum of board changes 


Block Diagram 


ROW 


ADDRESS 16,384 BIT ARRAY 
DECODER (128 x 128) 
DRIVER 


Se vee 
ADDRESS 

DECODER COLUMN 1/O CIRCUITS 
DRIVER 


pS tT 
SAI 
Pe 
Pe 
Pe 


OUTPUT ENABLE 


Synertek. 


Absolute Maximum-Ratings* 


Temperature Under Bias .............. -10°C to +85°C 
Storage Temperature ..............26- -65°C to +150°C 
Voltage on Any Pin with 

Respect to Ground ...............0000- -35Vtot+t7V 
Power Dissipation ........ ccc cece ee eee eee e eee 1.0W 


D.C. Characteristics 


SY2128 


Comment” 

Stresses above those listed under ““Absolute Maximum Rat- 
ings’’ may cause permanent damage to the device This ts a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in the 
operational sections of this specification is not tmplied 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ta =0 Cto +70°C, Voc = 5V 10% (Unless otherwise specified) 


2128-1/-2/-3/-4 2128L-2/L-3/L-4 


Symbol Parameter Min. 


Ih Input Load Current 
(All input pins) 


ILO Output Leakage Current Ls 
loc Power Supply Current {| 95 


Standby Current 


Peak Power-on Current 
Note 6 


cs ee ec 


10 Vcc = Max, Vin = Gnd to Vcc | 
MA CE = Vit, Vcc = Max 
VouT = Gnd to 4.5V 


Ta = 25°C | Vcc = Max, CE = Vit 
Ta =0C_ | Outputs Open 


Vcc = Min to Max, CE=Viy 


30 mA Vcc = Gnd to Vcc Min 
CE = Lower of Vccor V{H Min. 


Mi es ee ee 

Capacitance Ty, = 25°C, f= 1.0 MHz 
Symbol Test Typ. | Max. | Unit _ 
CoutT Output Capacitance ae a eS pF 
Cin Input Capacitance ia Sa as pF — 


NOTE This parameter is periodically sampled and not 100% tested. 


A.C. Characteristics Ta = 0°C to +70°C, Vec 


=5V +10% (Note 7) 


READ CYCLE 

Symbol Pe eo oe ee Conditions 
tac roo | | 120; | 160] | 200] | as | 

tace | Chip Enable Accesstime | | 100 | | 120] | 150 | | 200 

uz | OutputowZTime =| ~_0-| | 10 | | 70 | | 10] | »s | 

WRITE CYCLE 

twe Write Cycle Time Ee cat 120 150 beg oedl 200 ae n 

tow Chip Enable to End of Write a ce ae Ee eee Eee 

taw Address Valid to End of Write em Hh OOt We: ir A200 — <i 60 n 

tas Address Setup Time ae eo a ae ee 


twp Write Pulse Width 

twr Write Recovery Time 
Data Valid to End of Write 

toH Data Hold Time 

twz Write Enabled to Output in High Z 
Output Active from End of Write 


+ 
Oo 
= 
B _ 
oa 


ro) 
= 


3S {5 


3), 5 
ALH|H|HIHD]|H]H 
I 


=) 
n 


(See following page for notes) 
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Synertek. SY2128 


Timing Diagrams 
READ CYCLE NO. 1 (NOTES 1 and 2) 
Se ee trac 


ADDRESS 


DATA OUT PREVIOUS DATA VALID DATA VALID 


OE 


—+——— tz ears — tuz 
HIGH IMPEDANCE 
ee 
lec Fe as ee es 


Vec CURRENT 50% 


” 
kad 
ce 
=) 
= 
Ld 
= 


Isp 


WRITE CYCLE NO. 1 (NOTE 4) 


twe 


ADDRESS 


COW ee 


« \\ \ ELL LLL LS 


taw 


ee Vv 


we TAGE 
iN 


DATA IN DATA VALID | 


“TTF AURUUR! 
on 


x x x X X HIGH IMPEDANCE 
DATA OUT 


Notes: 

WE ts high for Read Cycles. 

. Device is continuously selected, CE = OE = VIL- 

Addresses valid prior to or coincident with CE transition low. 

If CE goes high stmultaneously with WE high, the outputs remain in the high impedance state. 

Transition is measured +500mV from low or high impedance voltage with load B. This parameter is sampled and not 100% tested. 
A pullup resistor to Vcc on the CE Input ts required to keep the device deselected’ otherwise, power-on current approaches Icc 
active. 


7. A minimum 0.5 ms time delay is required after application of Vcc (+5V) before proper operation is achieved. 


AARWN a 
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Synertek, $Y2128 


WRITE CYCLE NO. 2 (OE = Vi.) (NOTE 4) 


twe 


e\ VA Ack a a 


ae twer 
tas Ui 
we eae, 
el tow —————— | to 
oma C[enmeY 


DATA OUT 


DATA UNDEFINED 


A.C. Testing Input, Output Waveform 


TEST POINTS 


2.0V 


0.8V 


OUTPUT 


AC TESTING. INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” 
AND 0.4V FOR A LOGIC “0”. TIMING MEASUREMENTS ARE 

MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC “0”. 
INPUT PULSE RISE AND FALL TIMES ARE 5 ns. 


Package Availability 18 Pin Molded DIP 


Order 
Number 
SYP2128-1 
SYP2128-2 


SYP2128-3 

SYP2128-4 
SYP2128L-2 
SYP2128L-3 
SYP2128L-4 


A.C. Testing Load Circuit 


Ordering Information 


Access 
Time 
(Max) 


Operating | Standby 


Current 
(Max) 


Current 
(Max) 


HIGH IMPEDANCE 


-—— tow 


12502 


100pF 


(INCLUDING 
SCOPE AND 


JIG) 


Package 
Type 
Moided DIP 
Molded DIP 
Molded DIP 
Molded DIP 
Molded DIP 
Molded DIP 
Molded DIP 


12502 


Synertek. 


PRELIMINARY 


Features 
100 ns Address Access Time 
Fully Static Operation 
Full TTL Compatibility 
Interrupt Function (INT) 
Open Drain for OR-tied Operation 
Easy Microprocessor Interface 


Description 


The Synertek SY2130 and SY2131 are 8192 Bit Dual Port 
Static Random Access Memories organized 1024 words by 
8 bits They are designed using fully static circuitry and fab- 
ricated using Synertek’s n-channel double poly silicon gate 
technology 


The SY2130 and SY2131 feature two separate I/O ports 
that each allow independent access for read or write to any 
location in the memory The only situation where conten- 
tlon can occur is when both ports are active and both 
addresses match Two modes of operation are provided for 


Pin Configuration Block Diagram 


*(CS_) CEL 


SY2130/SY2131 


1024 x 8 Dual Port 
Random Access Memory 


BUSY Function to Handle Contention. 
Open Drain for OR-tied Operation 
SY2130 — Transparent Power Down (CE) 
SY2131 — Non-Power Down (CS) 
Output Enable Function (OE) 

Both Ports Operate Independently 


this situation In one mode, contention ts ignored and both 
operations are allowed to proceed In the other mode, on- 
chip control logic arbitrates delaying one port until the other 
port’s operation ts completed A BUSY flag is sent to the 
side whose operation is delayed BUSY is driven out at 
speeds that allow the port’s processor to preserve its 
address and data 


An interrupt function (INT) is also provided to allow com- 
munication between systems This function acts like a 
writable flag When the flag’s location is written from one 


(continued next page) 


R/Wr 
CER (CSR)* 


OER 
1/Oor 


1/O7R 


COLUMN COLUMN 
1/0 1/O 
LEFT RIGHT 


o Onn moO FPF WM A 


RIGHT 
ROW 
DECODER 
DRIVER 


CONTENTION 
INTERRUPT 
LOGIC 
*(CS_) CEL 
OEL 
R/W. 


Synertek. 


side, the other side’s INT pin goes LOW until the flag loca- 
tion is read by that side. Both the BUSY and INT pins are 
open drain outputs to allow OR-tied operation. 


The SY2130 has an automatic power down feature which ts 
controlled by the Chip Enable inputs. Each Chip Enable con- 
trols automatic power-down circuitry that allows it’s 
respective side of the device to remain in a standby power 


mode. 


SY2130/SY2134 


The SY2131 chip select (no power down) access has been 
designed to be faster than it’s address access so that the 
chip select decode time will not add to the memory’s overall 
access time This feature significantly improves system 
performance. 


Pin Definitions 


CE,(10) 


CE,!1) 


CS ,(11) 


CS_lt1) 


AO, -A9, 


AOr-AQR 


ml 
m 
aD 


1/00, -1/07, 
[/OOp-1/07p 
R/W, 


Left Port Chip Enable. When CE, goes 
HIGH, the left port of the RAM ts de- 
selected and the left port control circuitry 
will automatically power down and re- 
main tn a Standby power mode as long as 
CE, remains HIGH. 


Right Port Chip Enable. When CER goes 
HIGH, the right port of the RAM ts de- 
selected and the right port control cir- 
cultry will automatically power down and 
remain in a standby power mode as long 
as CEp remains HIGH. 


Left Port Chip Select. When CS, goes 
HIGH, the left port of the RAM is de- 
selected. 


Right Port Chip Select. When CS» goes 
HIGH, the right port of the RAM ts de- 
selected. 


Left Port Address Inputs. The 10-bit field 
presented at the left port Address Inputs 
selects one of the 1024 memory locations 
to be read from or written into via the left 
port Data Input/Output Lines. 


Right Port Address Inputs The 10-bit field 
presented at the right port Address Inputs 
selects one of the 1024 memory locations 
to be read from or written into via the 
right port Data Input/Output Lines. 


Output Enable for Left Port When OE, 1s 
HIGH, the left port outputs are disabled, 
when OE, is LOW, the left port outputs 
are enabled. Also controls contention 
mode for left port 


Output Enable for Right Port. When OER 
is HIGH, the right port outputs are dis- 
abled. When OER is LOW, the right port 
outputs are enabled. Also controls con- 
tention mode for right port 


Left Port Data Input/Output Lines 
Right Port Data Input/Output Lines. 


Left Port Read/Write Enable. When OE, 
is LOW and R/W, 1s HIGH, data from the 
RAM location selected by the left address 
field is present at the left port Data Input/ 
Output Lines When R/W, 1s LOW, data 
present on the left port Data Input/ 


Output Lines is written into the RAM 
location selected by the left address field 
irregardless of the state of OE,. These 
operations can be affected by contention. 
(See Functional Description on page 9). 


R/Wr Right Port Read/Write Enable. When OER 
is LOW and R/We ts HIGH, data from the 
RAM location selected by the left address 
field is present at the right port Data 
Input/Output Lines When R/Wep ts 
LOW, data present on the right port Data 
Input/Output Lines is written into the 
RAM location selected by the right ad- 
dress field irregardless of the state of 
OER. These operations can be affected by 
contention. (See Functional Description 
page 9). 


BUSY, '12) Left Port Busy Flag. BUSY, remains HIGH 
at all times unless both ports initiate an 
operation to the same address location 
and the left port 1s operating in contention 
mode with the right port receiving priority. 
When this occurs, the right port operation 
will be completed first and BUSY, will go 
LOW until the right port operation is com- 
pleted. 


BUSY,'12) Right Port Busy Flag BUSYp remains 
HIGH at all times unless both ports 
Initiate an operation to the same address 
location and the right port is operating in 
contention mode with the left port receiv- 
ing priority. When this occurs, the left 
port operation will be completed first and 
BUSYR will go LOW until the left port 
operation is completed Both BUSY, and 
BUSYR are open drain outputs allowing 
OR-tied operation. 


INT, (12) Left Port Interrupt Flag. If the right port 
writes to memory location 3FE then INT, 
is latched LOW until the left port reads 
data from memory location 3FE. 


INT, 12) Right Port Interrupt Flag. If the left port 
writes to memory location 3FF, then 
INTp is latched LOW until the right port 
reads data from memory location 3FF 
Both INT, and INTg are open drain 
allowing OR-tied operation. 


(see page 2-16 for notes) 
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Synertek. 


Absolute Maximum Ratings* 


Temperature Under Bras 


oe ee eee ee ere oe eevee 


Storage Temperature 


Voltage on any Pin with 


-65°C to 150°C 


SY2130/SY2131 


Comment* 


-10°C to 85°C Stresses above those listed under “‘Absolute Maximum 
Ratings’’ may cause permanent damage to the device. This 
IS a stress rating only and functional operation of the device 


at these_or at any other condition above those indicated tn 


Respect to Ground the operational sections of this specification is not implied. 


re ee ee 


Power Dissipation 


D.C. Characteristics 1, =0°C to +70°C, Vcc = 5V + 10% (Unless otherwise specified) 


Symbol Parameter ee eee Unit | Conditions 
ly Input Load Current 10 uA Vcc =Max, Vin = GND to Veco 

(All input pins) 
lLo Output Leakage Current uA  |CE=Vin, Vcc = Max. 

Vout = GND to 4.5V 

lec Power Supply Current Pf 1580 | mA Ta = 25°C] Veco = Max, CE = Vi. 
Ispi Standby Current 40 mA Vcc = Min. to Max., 

(Both Ports Standby) CE, and CEp = Vy (Note 10) 
Isp Standby Current 110 mA Vcc = Min. to Max., 

(One Port Standby) CE, or CER = Viy (Note 10) 
Voi Output Low Voltage a a a aa a lo. = 3 2 mA (Note 12) 
Von Output High Voltage a ae a lou =-1.0 mA (Note 12) 


Capacitance 1, = 25°C, f= 1.0 MHz 
Test 


Output Capacitance 


Input Capacitance 


NOTE: This parameter ts periodically sampled and not 100% tested 


A.C. Characteristics 1, =0°C to 70°C, Vee = 5V + 10% 
READ CYCLE (Note 12) 


SY2130-1 | SY2130-2 | SY2130-3 | SY2130-4 

SY2131-1 | SY2131-2 | SY2131-3 | SY2131-4 Condi- 
Symbo ie Unite | tions 
isc__[Readcycietme __—*ittoof —‘f vzo| if 60] ‘| 200] | ns | 
tea [Address Accesstime |_| 100] | 120] | 160] ‘| 200| ns | 
tact | GhipénableAccesstine | | 100] | 120] | 160] _| 200 | ns | ito 
inot _[Outputnable Access time | | 40 | | 80 | | 60 | | 80 | ns 
iz [Ouputtow2time =f tO] | | | [2] | os | 
ae ee SS Se 
tpy Chip Enable to Power Up Time Oe UOT Os Gs ns [10] 
ico [Crp Disable Power Downtime | | 80 | | 60 | | | | 100] ns | no 
ines [Ch SetecrAccesstime |__| 20 | | woof [ao] | r60[ ws | an 


(see page 2-16 for notes) 
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Synertek. SY2130/SY2131 


A.C. Characteristics T, =0°C to 70°C, Voc = 5V + 10% (continued) (Note 12) 


WRITE CYCLE 
SY2131-1 SY2131-2 SY2131-3 SY2131-4 
iew [Chip Enable to endofWne [| 90 | | 1s] | 10 | | 180 | 110 
isu [Chip Selectiotndofwree | 70 | | e5 | | 90 | | 140] 1m 
iow [Output Actwetromendafwnte fo | | o | | o© | | ° | 6 
BUSY TIMING 
oan [BUSY AccessTimeronasress |__| # | | 0 | | oo | | a 
tgac BUSY Access Time to Chip Enable 
a ee 
we [eonpsewe PM || wo || so | | oo | 
or Chip Select 40 50 80 
taps Arbitration Priority Set Up Time Pf 400 | 
taos Arbitration Override Set Up Time 


INTERRUPT TIMING (Note 12) 
Address Set Up Time 
Write Recovery Time 


Interrupt Set Time 


Interrupt Reset Time 


NOTES 

R/W ts high for Read Cycles 

Device 1s continuously enabled/selected, CE = Vi_ or CS = Vi, 
‘Addresses valid prior to or coincident with CE or CS transition low 

lf CE or CS goes high simultaneously with R/W high, the outputs remain in the high impedance state 

Transition is measured +500 mV from low or high impedance voltage with load B This parameter is sampled and not 100% tested 
A pullup resistor to Vcc on the CE or CS input is required to keep the device deselected otherwise, power-on current approaches 
Icc active 

7 O€Ecan be Vjy when contention arbitration mode occurs or Vj, when contention override mode occurs, see Tables 2 and 3 

8 CE, = CER = Vi, or CS, = CSp = Vii 

9 Busy timing ts identical to Contention Cycle Nos 1 and 2 
10 Applies to SY2130 version (power down) only 


aOahrWNnd 


11. Applies to SY2131 version (non-power down) only 


12 The interrupt and busy signals (pins 3, 4, 44 and 45) are open drain outputs A pull-up resistor is required for system operation 
Load C 1s used for AC testing these pins All other outputs use load A 


13 Read or Write Cycle Timing after BUSY inactive as shown In previous timing diagrams 
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Timing Diagrams 
READ CYCLE NO. 1 EITHER SIDE (Notes 1 and 2) 


tOEH ~«——toER 
OE 
ADDRESS 
DATA OUT PREVIOUS DATA VALID 


READ CYCLE NO. 2 EITHER SIDE (Notes 1 and 3) 


tAceE 
CE/CS 
taogE ————> + tHz mea 
OE 
tLz tH2 ad 
ma Camo 
tLz >| 


CURRENT 


WRITE CYCLE NO. 1 EITHER SIDE (Note 4) 


r WCso.l- ty es > 


J to ion | 
DATA IN DATA VALID a 


a YAN 


HIGH IMPEDANCE 


DATA OUT 


(see page 2-16 for notes) 
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WRITE CYCLE NO. 2 EITHER SIDE (OE = V,)) (Note 4) 


twc 


ae NUNN a ay 


taw 
twR 
tas twe 


\ 


bal tow ————-—--____—_— tou 


tow 


DATA IN 


HIGH IMPEDANCE 


DATA OUT DATA UNDEFINED 


CONTENTION CYCLE NO. 1 (CE/CS CONTENTION ARBITRATION MODE) (Note 7) 
CE,/CS, VALID FIRST: 


CAND R ADDRESSES MATCH ADDRESSES DO NOT MATCH 


CE, /CS, 


taps 


ErR/CSR 


QO 


tBAC tspc ——_-—-- 


BUSYR 


CER/CSR VALID FIRST: 
aan 7 ADDRESSES MATCH ADDRESSES DO NOT MATCH 


CER /CSp 
taps 


CE,/CS, 


tBAc tppc aa a 


BUSY, 


(see page 2-16 for notes) 
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CONTENTION CYCLE NO. 2 (ADDRESS CONTENTION ARBITRATION MODE) (Notes 7 and 8) 


ADDRESS, VALID FIRST: 


trac OR twc 


ADDRS, ADDRESSES MATCH ADDRESSES DO NOT MATCH 


taps 


ADDRSr ADDRESSES MATCH 4 ADDRESSES DO NOT MATCH 


SEE NOTE 13 


ADDRESS, VALID FIRST: 


trac OR twc 


ADDRSpR ADDRESSES MATCH ADDRESSES DO NOT MATCH 


taps 


ADDRS_ ADDRESSES MATCH | 4 ADDRESSES DO NOT MATCH 


tBAA <-—-_-—- tBDA 


CONTENTION CYCLE NO. 3 (CONTENTION OVERRIDE MODE) (Note 9) 


LEFT PORT CONTENTION IGNORED: 


I 
r 


=a taos — 


rm 
r 
~ 
| 
(2) 
r 


RIGHT PORT CONTENTION IGNORED: 


~———~ taos ————> 


CER/CSR 


(see page 2-16 for notes) 
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INTERRUPT MODE (Note 8) 


LEFT SIDE FLAGS RIGHT SIDE: 


ADDR, 


$e  —— two ——--_—_—_——_— 
MK ——i‘“Os 
ey 0.0, 
ta ta <—— 


R/We 


> 


wore KOOIKKXXAXAXAAKA tere 


— twr- 


wet SERIA OTHTITT EHS | 


RIGHT SIDE FLAGS LEFT SIDE: 


ADDRpR 


—_ twee 
(90 
<«— tas —> ——, taw |<—— 

R/Wpe 


en ee 


<«—_twr-> 


™ITLLLELLLLLLLL LF 


(see page 2-16 for notes) 
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Functional Description 


The SY2130 and SY2131 are 1024-word by 8-bit dual port 
RAMs that feature two separate I/O ports Each port allows 
independent access for read or write to any location in the 
memory 


The SY2130 features separate left and right port Chip Ena- 
ble controls (CE, and CEg) Each Chip Enable activates its 
respective port when it goes LOW and controls automatic 
power-down circuitry that allows it’s respective side of the 
device to remain in a standby power mode as long as tt 
remains HIGH When a port ts active, it is allowed access to 
the entire memory array 


The SY2131 features separate left and right port Chip 
Select controls (CS, and CSp) Each Chip Select activates its 
respective port when it goes LOW and allows its respective 
side of the device to remain selected as long as it remains 
LOW. When a port Is active, it is allowed access to the 
entire memory array. 


Each port has an Output Enable control (OE, and OER) that 
keeps its respective output in a high impedance mode when 
HIGH When a port's OE is LOW, that port’s output drivers 
are turned on providing its R/W control is HIGH 


Separate Read/Write Enable inputs (R/W,, and R/W,) con- 
trol writing of new data into any location in the RAM from 
either port When R/W, 1s LOW, new data Is written into 
the location selected by the left address field Likewise, 
when R/Wep is LOW, new data is written into the location 
selected by the right address field When a port’s Read/ 
Write Enable is HIGH, data can be read from that port if Its 
respective OE 1s LOW When R/W, ts HIGH and OE, 1s 
LOW, data is read from the location selected by the left 
address field When R/We ts HIGH and OE ts LOW, data !s 
read from the location selected by the right address field 


There 1s one situation where contention can occur It ts 
when both left and right ports are active and both addresses 
match Two modes of operation are provided for this situa- 
tion (i) on-chip control logic arbitrates the situation, or (11) 
contention 1s ignored and both ports are given access to 
that memory location OE controls the mode of operation 


lf CE or CS ts LOW before OE goes LOW when both 
addresses match, then on-chip control logic arbitrates the 
situation Priority is given to the port whose CE or CS 
became valid first, the other port will not be allowed access 
to the memory core until that port’s operation is completed 
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If both port's CE or CS controls became valid at the same 
time while their OEs are HIGH, then the left port 1s given 
priority If both CE or CS pins are valid before their respec- 
tive OE controls and an address change causes an address 
match while OE 1s HIGH, then priority 1s given to the port 
whose address became valid first; the other port is not 
allowed access to the memory until that port’s operation Is 
completed If both addresses became valid at the same time 
and match, and OE 1s HIGH, then the left port 1s given 
priority 


In the other mode, contention !s ignored and one or both 
ports have access to the memory core at all times This ts 
accomplished by having OE LOW when the contention 
occurs That is, the RAM core ts accessible from a port even 
if the on-chip control logic would have delayed its access 
provided (a) the port’s OE 1s LOW when tts CE or CS goes 
LOW during an address match, or (b) both ports are active 
and its OE 1s LOW when an address change causes an 
address match Therefore, It is possible for both ports to 
have access to the same memory location at the same time, 
even in a WRITE,-WRITEg situation 


Separate Busy Flags (BUSY, and BUSYgp) are provided to 
signal when a port's access to the memory core has been 
delayed When both ports try to access the same memory 
location, the on-chip arbitration logic causes the Busy Flag 
to go LOW on the side that 1s delayed These flags are pro- 
vided to allow the user to stop the processor if desired. 
BUSY is driven out fast enough for the processor's address 
and data to be preserved if desired. The Busy Flags are 
operational even when the device is operating in the mode 
where contention Is ignored and function the same as des- 
cribed for contention mode operation. This permits their use 
to signal that contention has occurred and data may have 
been changed 


Interrupt logic is included on-chip to provide a means for 
two processors to communicate to one another If the left 
port writes to memory location 3FF, then the right port 
Interrupt Flag (INTp) 1s latched LOW until the right port 
reads data from that same location If the right port writes 
to location 3FE, then the left port Interrupt Flag (INT, ) IS 
latched LOW until the left port reads data from that loca- 
tion If both ports are enabled and contention occurs, the 
Busy circuitry will disable the address decoder from setting 
or resetting the Interrupt Flags 
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Table 1. Non-Contention Read/Write Control 


Left Port Inputs Right Ports Inputs Left Flags Right Flags 


R/W,, | CE,/CS, A0,-A9, | R/Wp 
X H X x 


Yr| INTR | Function 


X | Left Port in Power 
Down Mode 


x< 
> 
>) 
q 
> 
fe) 
Ps] 
p 
Cc 
” 
< 
r 
2 
=f 
rf 
ee) 
Cc 
”n 


x< 


Right Port in Power 
Down Mode 


Data on Left Port 
Written to Memory 
Location AQ; -A9,_ 


Data in Memory 
Location AO, -A9, 
Output on Left Port 


Data on Right Port 
Written to Memory 
Location AOr-A9R 


Data in Memory 
Location AOr-A9R 
Output on Right 
Port 


Left Side Flags Right 
Side to Read Memory 
Location 3FF 


Right Side Flags Left 
Side to Read Memory 
Location 3FE 


x< 
c 
E 

x 


a 
E 
x: 


a 


| . 


H = HIGH L=LOW X = Don’t Care 


3FE 


x< 
4 
x: 
c 


Table 2. CE/CS Contention Arbitration 


Left Port Inputs Right Port Inputs Left Flags Right Flags 
R/W, | CE,/CS, R/Wr | CER/CSR : BUSYR | INTR 


ow 
Cc 
”n 
< 


Function 


| BUSYR | INTR 
L X | Left Operation Allowed 
RAM Inaccessible from Right 


Right Operation Allowed 
RAM Inaccessible from Left 


X L X Left Operation Allowed 
RAM Inaccessible from Right 
X L xX Left Operation Allowed 
RAM Accessible from Right* 
xX H X Right Operation Allowed 
RAM Accessible from Left* 
Xx Both X X Both LBC Xx L xX Left Operation Allowed 
RAM Accessible from Right* 


1 = Pin active before equivalent pin on other port LBC = LOW before chip enable 
LAC = LOW after chip enable Both = Equivalent pins on both ports become active at the same time 
*See Contention Override Mode Timing on page 7 


x 
E 
E 
E 
E 

a 

o 

oO 


Table 3. Address Contention Arbitration 


Left Port Inputs Right Ports Inputs Left Flags Right Flags 
R/W, | CEL/CS, | OE | AQ-A, | R/We |CER/CSR | OER | A0R-A9R | BUSY,| INT, | BUSYR Function 
H L 


xX X | Left Operation 
Allowed** 
X L X Match L xX Match1 L Xx H X | Right Operation 
Allowed** 
X L X Both X L X Both H X L X | Left Operation 
Allowed** 
Match = Addresses on left and right ports are identical 


Match 1 = Address valid on the port before becoming valid on opposite port 
Both = Addresses match and become valid on both ports at the same time 
**RAM inaccessible from other port unless that ports OE was low when the match occurred Also see Note 7 
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A.C. Testing Input, Output Waveform 


20V 


TEST POINTS 


0.8V 


INPUT OUTPUT 


AC TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC “1” 
AND 0 4V FOR A LOGIC “0”. TIMING MEASUREMENTS ARE 
MADE AT 2 0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC “0” 
INPUT PULSE RISE AND FALL TIMES ARE 5ns 


Ordering Information 


Access Standby 
Current 


(Max.)t 


Operating 
Time Current 


(Max.) (Max.) 
40 mA/110 mA 


100 ns 170 mA 

100 ns 170 mA 40 mA/110 mA 
100 ns 170 mA NA* 

100 ns 170 mA NA 

120 ns 170 mA 40 mA/110 mA 
120 ns 170 mA 


SYP2130-1 
SYC2130-1 


SYP2131-1 
SYC2131-1 


SYP2130-2 


SYC2130-2 40 mA/110 mA 


120 ns 170 mA NA * 

120 ns 170 mA NA 

150 ns 170 mA 40 mA/110 mA 
150 ns 170 mA 


SYP2131-2 
SYC2131-2 


SYP2130-3 


SYC2130-3 40 mA/110 mA 


150 ns 170 mA NA * 

150 ns 170 mA NA 

200 ns 170 mA 40 mA/110 mA 
200 ns 170 mA 


SYP2131-3 
SYC2131-3 


SYP2130-4 


SYC2130-4 40 mA/110 mA 


200 ns 170 mA NA* 
200 ns 170 mA NA 
*Not applicable 


*Both ports standby/one port standby. 


SYP2131-4 
SYC2131-4 


SY2130/SY2131 


A.C. Testing Load Circuit 


+5 V 


1250 2 


Dout Dout 
100 pF 

(INCLUDING 

SCOPE AND 


JIG) 


775 Q 


LOAD A 


775 Q 


50 pF 
(INCLUDING 
SCOPE AND 


JIG) 


LOAD C 


Package 
Type 


Molded DIP 
Ceramic 


Molded DIP 
Ceramic 


Molded DIP 
Ceramic 


Molded DIP 
Ceramic 


Molded DIP 
Ceramic 


Molded DIP 
Ceramic 


Molded DIP 
Ceramic 


Molded DIP 
Ceramic 
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LOAD B 


+5 V 


1250 2 


5 pF 


SY2132/SY2133 


912 x 8 Dual Port 
Random Access Memory 


ADVANCED INFORMATION 


Features 


100 ns Address Access Time 
Fully Static Operation 

Full TTL Compatibility 

Interrupt Function (INT). 

Open Drain for OR-tied Operation 
Easy Microprocessor Interface 


Description 


The Synertek SY2132 and SY2133 are 4096 Bit Dual Port 
Static Random Access Memories organized 512 words by 8 
bits. They are designed using fully static circuitry and fabri- 
cated using Synertek’s n-channel double poly silicon gate 
technology 


The SY2132 and SY2133 feature two separate I/O ports 
that each allow independent access for read or write to any 
location in the memory The only situation where conten- 
tlon can occur is when both ports are active and both 
addresses match. Two modes of operation are provided for 
this situation. In one mode, contention Is ignored and both 


Pin Configuration Block Diagram 


RW 


*(CS_) CE, 


*(CS,) CEL [ _ 
OEL 
/Oor 


1/O7- 


BUSY Function to Handle Contention 
SY2132 — Transparent Power Down (CE) 
SY2133 — Non-Power Down (CS) 

Output Enable Function (OE) 

Both Ports Operate Independently 

Each Port Accesses Entire Memory 


operations are allowed to proceed. In the other mode, on- 
chip control logic arbitrates delaying one port until the other 
port’s operation is completed A BUSY flag is sent to the 
side whose operation is delayed BUSY is driven out at 
speeds that allow the port’s processor to preserve its 
address and data 


An interrupt function (INT) is also provided to allow com- 
munication between systems This function acts like a 
writable flag When the flag’s location is written from one 
side, the other side’s INT pin goes LOW until the flag loca- 
tion is read by that side The INTs have open drain drivers to 

(continued next page) 


R/We 
CER (CSp)* 


OER 
1/Oor 


1/O7R 


Oo ON OO FP W DH = 


ed Seb 6 el 
No —= © 


COLUMN 
1/0 
LEFT 


i eea™ 
ROW 
DECODER 
pit 


*(CS_) CEL 
OEL 
R/WL 


MEMORY 
ARRAY 


CONTENTION 
INTERRUPT 
LOGIC 


COLUMN 
1/0 
RIGHT 


Wioeeg Ee 
ROW 
DECODER 
DRIVER 


CER (CSR)* 
OER 
R/Wr 


*€S APPLIES TO SY2133, CE APPLIES TO SY2132 
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allow OR-tied operation 


The SY2132 has an automatic power down feature which is 


controlled by the Chip Enable inputs Each Chip Enable con- 
trols automatic power-down circuitry that allows it’s re- 


spective side of the device to remain in a standby power 


mode. 


SY2132/SY2133 


The SY2133 chip select (no power down) access has been 
designed to be faster than its address access so that the 
chip select decode time will not add to the memory’s overall 
access time This feature significantly improves system 
performance 


Pin Definitions 


CE, 


fl 
m 
Be 


AOp-A8R 


1/00, -1/07. 
1/O00p-1/O7R 
R/W, 


Left Port Chip Enable When CE, goes HIGH, the 
left port of the RAM ts deselected and the left 
port control circuitry will automatically power 
down and remain tn a standby power mode as 
long as CE, remains HIGH 


Right Port Chip Enable When CEp goes HIGH, 
the right port of the RAM ts deselected and the 
right port control circuitry will automatically 
power down and remain in a standby power 
mode as long as CER remains HIGH 


Left Port Chip Select When CS, goes HIGH, the 
left port of the RAM ts deselected 


Right Port Chip Select When CSp goes HIGH, 
the right port of the RAM ts deselected 


Left Port Address Inputs The 9-bit field pre- 
sented at the left port Address Inputs selects one 
of the 512 memory locations to be read from or 
written into via the left port Data Input/Output 
Lines 


Right Port Address Inputs The 9-bit field pre- 
sented at the right port Address Inputs selects 
one of the 512 memory locations to be read from 
or written into via the right port Data Input/ 
Output Lines 


Output Enable for Left Port When OE, ts HIGH, 
the left port outputs are disabled, when OE, is 
LOW, the left port outputs are enabled Also con- 
trols contention mode for left port 


Output Enable for Right Port When OER ts 
HIGH, the right port outputs are disabled When 
OER is LOW, the right port outputs are enabled 
Also controls contention mode for right port 


Left Port Data Input/Output Lines 

Right Port Data Input/Output Lines 

Left Port Read/Write Enable When OE, 1s LOW 
and R/W, 1s HIGH, data from the RAM location 
selected by the left address field is present at the 


left port Data Input/Output Lines When R/W, 
is LOW, data present on the left port Data Input/ 
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Output Lines ts written into the RAM location 
selected by the left address field irregardless of 
the state of OE, These operations can be affected 
by contention 


R/Wrpr Right Port Read/Write Enable When OER ts 
LOW and R/We ts HIGH, data from the RAM 
location selected by the left address field is pre- 
sent at the right port Data Input/Output Lines 
When R/Wp is LOW, data present on the right 
port Data Input/Output Lines 1s written into the 
RAM location selected by the right address field 
irregardiess of the state of OER These opera- 
tions can be affected by contention 


BUSY, Left Port Busy Flag BUSY, remains HIGH at all 
times unless both ports tnitrate an operation to 
the same address location and the left port ts 
operating in contention mode with the right port 
receiving priortty When this occurs, the right 
port operation will be completed first and BUSY, 
will go LOW until the right port operation is com- 
pleted 


BUSYpR Right Port Busy Flag. BUSYp remains HIGH at all 
times unless both ports initiate an operation to 
the same address location and the right port !s 
operating in contention mode with the left port 
receiving priority When this occurs, the left port 
operation will be completed first and BUSYRp will 
go LOW until the left port operation is com- 
pleted Both BUSY, and BUSYp are open 
drain outputs allowing OR-tied operation 


INTL Left Port Interrupt Flag If the right port writes to 
memory lecation 1FE then INT, ts_ latched 
LOW until the left port reads data from 
memory location 1FE 


INT Right Port Interrupt Flag If the left port writes to 
memory location 1FF, then INTp ts latched 
LOW until the right port reads data from 
memory location 1FF Both INT, and INTp are 
open drain allowing OR-tied operation 


Vr Pins 15 and 33 are reference inputs and 
should be tied to Vcc for normal operation 
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Absolute Maximum Ratings” Comment* 
Temperature Under Bias .............20. -10°C to 85°C Stresses above those listed under ‘‘Absolute Maximum 
bs ‘ Ratings’’ may cause permanent damage to the device. This 
SPLONAGE TEMPSF ATURE sso batieeites trcietigienes Sa Godson e is a stress rating only and functional operation of the device 
Voltage on any Pin with at these or at any other condition above those indicated in 
Respect to Ground ............0 eee cece -3.5V to +7V the operational sections of this specification 1s not implied. 
Power DiSsipation: >ceisnesotoalnes euas Qereeeiuns oe 1.0W 


D.C. Characteristics T, = 0°C to +70°C, Vec = 5V + 10% (Unless otherwise specified) 


Symbol Parameter | Min. =| Max. | Conditions 
ha Input Load Current 10 LA Vec =Max., Vin = GND to Vcc 

(All input pins) 
lLo Output Leakage Current 10 uA |CE= Vin, Vec = Max 

Vout = GND to 4 5V 

lec Power Supply Current a ae mA Ta = 25°C] Veco = Max, CE= Vi, 
Ispt Standby Current 40 m Vcc = Min to Max, 

(Both Ports Standby) CE, and CER = Viy (Note 10) 
Isp2 Standby Current 110 

(One Port Standby) 


> 


> 


Vcc = Min. to Max, 
CE, or CER = Vin (Note 10) 


lo. = 3 2 mA (Note 12) 
lon =~1 O mA (Note 12) 


NOTE This parameter ts periodically sampled and not 100% tested 


A.C. Characteristics 1, =0°C to 70°C, Veg = 5V + 10% 
READ CYCLE (Note 12) 


i?) 


SY2132-3 SY2132-4 
SY2133-1 | SY2133-2 SY2133-3 SY2133-4 Condi- 
Symbol eee tons 
tsa [Adress Accosstime =| —~«dt oo [ao] p60] ‘| 200 | nw 
ince [ChpEnabie Accesstime | | 100 | | 120 | | 160] | 200 ne | 100 
f° 


inot | Output Enable Access time | | 40 
ton | Output Hold from Address Change [10 | 
iz [Outputlowztme | 10 | 
ss feat rose — [oT 
tpy Chip Enable to Power Up Time oe 
ico | Cm Disable to Power Down Time [| 60 
ines [ChipSelec Access time |_| 80 | 


p>) 
n 


[5] 
[5] 
[10] 
[10] 
[11] 


=) 
n 


—_— 
© 
O 
7) 7) 


= 
(o>) 
oO 
=) =) 
n (9) 


(see page 2-27 for notes) 
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A.C. Characteristics 1, =0°C to 70°C, Vec = 5V + 10% (continued) (Note 12) 


INTERRUPT TIMING (Note 12) 
Address Set Up Time 


Write Recovery Time 


Interrupt Set Time 


WRITE CYCLE 
SY2132-1 SY2132-3 SY2132-4 
SY2133-1 SY2133-2 SY2133-3 SY2133-4 
iw [Ch Enable tosndoiwnne | 90 | [vos | | v0. | | 190 | ha 
isw | Chip Selectio End of wre | 70-[ | 88 | [90 | | 40 [an 
ion [OuputAcwwetromendofWne | 0 | [0] }o} | o]| 
BUSY TIMING 
un [BURY Access imeioadrese || ao | [so | [| |e 
tpac BUSY Access Time to Chip Enable 
owen || wo | | | fo | | a 
or Chip Select 40 50 80 
[Araton Ovens Se Up Tine 7 
oe ee! 
aa 
| 60 | 
| 60 


Interrupt Reset Time 


NOTES 

R/W 1s high for Read Cycles 

Device 1s continuously enabled/selected, CE = Vy or CS = Vi, 
‘Addresses valid prior to or coincident with CE or CS transition low 

If CE or CS goes high simultaneously with R/W high, the outputs remain in the high impedance state 

Transition is measured +500 mV from low or high !mpedance voltage with load B This parameter is sampled and not 100% tested 
A pullup resistor to Vcc on the CE or CS input is required to keep the device deselected otherwise, power-on current approaches 
Icc active | 
7 O€E can be Vijy when contention arbitration mode occurs or Vi, when contention override mode occurs, see Tables 2 and 3 
8 CE, =CERp=Vy, or CS; =CSp=ViL 

9 Busy timing ts identical to Contention Cycle Nos 1 and 2 
10 Applies to SY2132 version (power down) only 


Ooh wh — 


11. Applies to S¥Y2133 version (non-power down) only 


12 The interrupt and busy signals (pins 3, 4, 44 and 45) are open drain outputs A pull-up resistor is required for system operation 
Load C 1s used for AC testing these pins All other outputs use load A 


13 Read or Write Cycle Timing after BUSY inactive as shown in previous timing diagrams 
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Timing Diagrams 
READ CYCLE NO. 1 EITHER SIDE (Notes 1 and 2) 


tOEH ~«—toeER 


ADDRESS 


DATA OUT PREVIOUS DATA VALID 


READ CYCLE NO. 2 EITHER SIDE (Notes 1 and 3) 


eS 


taoeE ——___— <_—_——— tnz 


DATA OUT 


Icc 
Vcc CURRENT 
Isp 


WRITE CYCLE NO. 1 EITHER SIDE (Note 4) 


ADDRESS 


| fa a tew OR tsw rs | 
se) Ae ELL LL LL 


taw 


<—_—— tw —* 
tas <—____4+\—- typ 
R/W ¥ \ 
be ton ae toe 


HIGH IMPEDANCE 
DATA OUT 


(see page 2-27 for notes) 
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WRITE CYCLE NO. 2 EITHER SIDE (OE = V),) (Note 4) 


twce 


ne NENAGH ay Ae aie ke 


taw 


twrR 
tas twe 


l\ 


DATA IN 


go 
= 
oC 
Es 


DATA VALID —_ 


tow 


HIGH IMPEDANCE 


DATA OUT DATA UNDEFINED 


CONTENTION CYCLE NO. 1 (CE/CS CONTENTION ARBITRATION MODE) (Note 7) 
CE,/CS, VALID FIRST: 


REDE ADDRESSES MATCH ADDRESSES DO NOT MATCH 


taps 


CER/CSR 


tBaAc tepc ——_ 


BUSYR 


CER/CSrp VALID FIRST: 


Cane e ADDRESSES MATCH ADDRESSES DO NOT MATCH 


taps 


tBac tepc > 


BUSY, 


(see page 2-27 for notes) 
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CONTENTION CYCLE NO. 2 (ADDRESS CONTENTION ARBITRATION MODE) (Notes 7 and 8) 


ADDRESS, VALID FIRST: 


trc OR twc 


ADDRS_ ADDRESSES MATCH ADDRESSES DO NOT MATCH 


taPS 


ADDRSr» ADDRESSES MATCH |S ADDRESSES DO NOT MATCH 


SEE NOTE 13 


ADDRESS, VALID FIRST: 


—trc OR twc 


ADDRSrR ADDRESSES MATCH ADDRESSES DO NOT MATCH 


taps 


ADDRS, ADDRESSES MATCH |S ADDRESSES DO NOT MATCH 


tBAA <—____———— tgDa 


CONTENTION CYCLE NO. 3 (CONTENTION OVERRIDE MODE) (Note 9) 


LEFT PORT CONTENTION IGNORED: 


<+— taos — 


RIGHT PORT CONTENTION IGNORED: 


<«— taos ——> 


(see page 2-27 for notes) 
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INTERRUPT MODE (Note 8) 


LEFT SIDE FLAGS RIGHT SIDE: 


twe 


0.0, 


<«— tas -—— ——r| taw |<«— 
R/Wi 


oo RXRKKKAKKKKKKKKKRKKK 
TITTLE 


ADDR, 


<«—-tins —— <«——tiInrR -——"' 


| 
| 


RIGHT SIDE FLAGS LEFT SIDE: 


a5 two — —> 


YV/V/ 


@--- tas-— > See taw |<+—— 


R/We 


-—— tre - > 


mone III III XAXAAKAK terre 


<—twrR--> 


Ml PITAL IIT LILI 1h, 


<+——toEH ——> —— to—ER |< -— 


OEL 


<—tins ——> =a tine -——_> 
INTL 


(see page 2-27 for notes) 
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Functional Description 


The SY2132 and SY2133 are 512 word by 8-bit dual port 
RAMs that feature two separate I/O ports. Each port allows 
independent access for read or write to any location in the 
memory. 


The SY2132 features separate left and right port Chip Ena- 
ble controls (CE, and CER). Each Chip Enable activates its 
respective port when it goes LOW and controls automatic 
power-down circuitry that allows it’s respective side of the 
device to remain in a standby power mode as long as it 
remains HIGH. When a port ts active, it 1s allowed access to 
the entire memory array. 


The SY2133 features separate left and right port Chip 
Select controls (CS, and CSp) Each Chip Select activates its 
respective port when it goes LOW and allows tts respective 
side of the device to remain selected as long as it remains 
LOW When a port ts active, it is allowed access to the 
entire memory array. 


Each port has an Output Enable control (OE, and OE) that 
keeps its respective output in a high impedance mode when 
HIGH When a port’s OE 1s LOW, that port’s output drivers 
are turned on providing its R/W control is HIGH 


Separate Read/Write Enable inputs (R/W, and R/Wp) con- 
trol writing of new data into any location in the RAM from 
either port When R/W, is LOW, new data ts written into 
the location selected by the left address field Likewise, 
when R/We ts LOW, new data is written into the location 
selected by the right address field. When a port’s Read/ 
Write Enable is HIGH, data can be read from that port if its 
respective OE is LOW When R/W, 1s HIGH and OE, 1s 
LOW, data is read from the location selected by the left 
address field. When R/We Is HIGH and OEp is LOW, data !s 
read from the location selected by the right address field 


There is one situation where contention can occur It is 
when both left and right ports are active and both addresses 
match Two modes of operation are provided for this situa- 
tion. (1) on-chip control logic arbitrates the situation, or (11) 
contention is ignored and both ports are given access to 
that memory location OE controls the mode of operation 


If CE or CS 1s LOW before OE goes LOW when both 
addresses match, then on-chip control logic arbitrates the 
situation Priority is given to the port whose CE or CS 
became valid first; the other port will not be allowed access 
to the memory core until that port’s operation 1s completed 


$Y2132/SY2133 


If both port’s CE or CS controls became valid at the same 
time while their OEs are HIGH, then the left port 1s given 
priority If both CE or CS pins are valid before their respec- 
tive OE controls and an address change causes an address 
match while OE 1s HIGH, then priority is given to the port 
whose address became valid first, the other port is not 
allowed access to the memory until that port’s operation is 
completed If both addresses became valid at the same time 
and match, and OE ts HIGH, then the left port 1s given 
priority. 


In the other mode, contention ts ignored and one or both 
ports have access to the memory core at all times. This ts 
accomplished by having OE LOW when the contention 
occurs. That is, the RAM core ts accessible from a port even 
if the on-chip control logic would have delayed its access 
provided. (a) the port’s OE is LOW when tts CE or CS goes 
LOW during an address match, or (b) both ports are active 
and its OE is LOW when an address change causes an 
address match Therefore, it is possible for both ports to 
have access to the same memory location at the same time, 
even in a WRITE,-WRITEg situation 


Separate Busy Flags (BUSY, and BUSYp) are provided to 
signal when a port’s access to the memory core has been 
delayed When both ports try to access the same memory 
location, the on-chip arbitration logic causes the Busy Flag 
to go LOW on the side that ts delayed These flags are pro- 
vided to allow the user to stop the processor if desired 
BUSY ts driven out fast enough for the processor's address 
and data to be preserved if desired The Busy Flags are 
operational even when the device Is operating in the mode 
where contention ts ignored and function the same as des- 
cribed for contention mode operation This permits their use 
to signal that contention has occurred and data may have 
been changed 


Interrupt logic is tncluded on-chip to provide a means for 
two processors to communicate to one another If the left 
port writes to memory location 1FF, then the right port 
Interrupt Flag (INT) is latched LOW until the right port 
reads data from that same location If the right port writes 
to loation 1FE, then the left port Interrupt Flag (INT, ) IS 
latched LOW until the left port reads data from that loca- 
tion If both ports are enabled and contention occurs, the 
Busy circuitry will disable the address decoder from setting 
or resetting the Interrupt Flags 
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Table 1. Non-Contention Read/Write Control 


Left Port inputs a Ports Inputs Left Flags Right Flags 
it ae AOL ABL AOp-A8R | BUSY, BUSY,R| INTR | Function 


x 


Left Port in Power 
Down Mode 


X | Right Port in Power 
Down Mode 


x< 


Data on Left Port 
Written to Memory 
Location AO, -A8,_ 


Data in Memory 
Location AQ; -A8,_ 
Output on Left Port 


- 


x 


Data on Right Port 
Written to Memory 
Location AOr-A8pr 


Data tn Memorv 
Location AOp-A8p 
Output on Right 
Port 


Left Side Flags Right 
Side to Read Memory 
Location 1FF 

Right Side Flags Left 


Side to Read Memory 
Location 1FF 


— [~ x< x< Bg x< x 
74 
cal 
2 


~~ 


1FE 


zr = = <= =o =o = = 
< 
me] 


oo 
EE 


—_ 
x< nN 
an 


H = HIGH L= LOW X = Don't Care 
Table 2. CE/CS Contention Arbitration 


Left Eon ee a Mant Port Inputs Left ee oe Tes 


R/Wy OE, CER/CSp | OER | BUSY Function 


RAM Inaccessible from Right 
X 


Right Operation Allowed 
RAM Inaccessible from Left 


Left Operation Allowed 
RAM Inaccessible from Right 


Left Operation Allowed 
RAM Accessible from Right* 


x< 
— 
E 
E 
- 
_ 
® 
OQ 
E 


Q| 
mil 
a 
i —_ rT —_ 
OI 
al 
= 


X LBC X L1 X L Right Operation Allowed 
RAM Accessible from Left* 
X Both X X Both LBC H X Left Operation Allowed 
RAM Accessible from Right* 
1 = Pin active before equivalent pin on other port LBC = LOW before chip enable 
LAC = LOW after chip enable Both = Equivalent pins on both ports become active at the same time 


*See Contention Override Mode Timing on page 7 


Table 3. Address Contention Arbitration 


Left Port Inputs Right Ports Inputs Left BELLS Right Flags 
R/W, | CE,/CS, | OE, | AO,-A8, | R/Wr |CER/CSR A0R-A8R nM BUSY R Function 


X L 7 Left Operation 
Allowed** 

X L X Match X L X Match1 L X H X | Right Operation 
Allowed** 

L X Both X L X Both H X L X | Left Operation 
Allowed** 


Match = Addresses on left and right ports are identical 

Match 1 = Address valid on the port before becoming valid on opposite port 

Both = Addresses match and become valid on both ports at the same time 

**RAM inaccessible from other port unless that ports OE was low when the match occurred Also see Note 7 
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A.C. Testing Input, Output Waveform 


2 0V 
TEST POINTS 
0.8V 


INPUT OUTPUT 


AC TESTING INPUTS ARE DRIVEN-AT 2.4V FOR A LOGIC “1” 
AND 0.4V FOR ALOGIC “0” TIMING MEASUREMENTS ARE 
MADE AT 2 OV FOR A LOGIC “1” AND 0.8V FOR A LOGIC “0”. 
INPUT PULSE RISE AND FALL TIMES ARE 5ns 


Ordering Information 


Access Operating Standby 
Order Time Current Current Package 
Number (Max.) (Max.) (Max.)T Type 


SYP2132-1 
SYC2132-1 


40 mA/110 mA 


100 ns 170 mA 

100 ns 170 mA 40 mA/110 mA 
100 ns 170 mA NA* 

100 ns 170 mA NA 

120 ns 170 mA 40 mA/110 mA 
120 ns 170 mA 


Molded DIP 
Ceramic 


Molded DIP 
Ceramic 


SYP2133-1 
SYC2133-1 


SYP2132-2 
SYC2132-2 


Molded DIP 


40 mA/110 mA Ceramic 


120 ns 170 mA NA * 
120 ns 170 mA NA 
SYP2132-3 150 ns 170 mA 40 mA/110 mA 
SYC2132-3 150 ns 170 mA 40 mA/110 mA 
SYP2133-3 150 ns 170 mA NA* Molded DIP 
SYC2133-3 150 ns 170 mA NA Ceramic 
SYP2132-4 200 ns 170 mA 40 mA/110 mA Molded DIP 
SYC2132-4 200 ns 170 mA 40 mA/110 mA Ceramic 
SYP2133-4 200 ns 170 mA NA * Molded DIP 
SYC2133-4 200 ns 170 mA NA Ceramic 


*Not applicable 
tBoth ports standby/one port standby 


SYP2133-2 
SYC2133-2 


Molded DIP 
Ceramic 


Molded DIP 
Ceramic 
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+5V 


Dout 
775 22 


| 


+ 


: 


SY2132/SY2133 


A.C. Testing Load Circuit 


1250 22 1250 Q 


Dout 
100 pF 
(INCLUDING 
SCOPE AND 778 2 
JIG) 


+5 V 
7 


5 pF 


LOAD B 


50 pF 
(INCLUDING 
SCOPE AND 
JIG) 


LOAD C 


SY2147H 


4096 x 1 Static 
Random Access Memory 


Features 


45 ns Maximum Access Time 

No Clocks or Strobes Required 

Automatic CE Power Down 

Identical Cycle and Access Times 

Single +5V Supply (+10%) 

Pinout and Function Compatible to SY2147 


Description 


The Synertek SY2147H is a 4096-Bit Static Random Access 
Memory organized 4096 words by 1-bit and ts fabricated 
using Synertek’s new scaled n-channel silicon gate tech- 
nology It is designed using fully static circuitry, therefore 
requiring no clock or refreshing to operate Address set-up 
times are not required and the data is read out non- 
destructively with the same polarity as the input data 
Separate data input and output pins provide maximum 
design flexibility The three-state output facilitates memory 
expansion by allowing the outputs to be OR-tied to other 
devices 


Pin Configuration 
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Direct Performance Upgrade for SY2147 
Totally TTL Compatible All Inputs and Outputs 
Separate Data Input and Output 

High Density 18-Pin Package 

Three-State Output 


The SY2147H offers an automatic power down feature 
Power down is controlled by the Chip Enable input When 
Chip Enable (CE) goes high, thus deselecting the SY2147H, 
the device will automatically power down and remain in a 
standby power mode as long as CE remains high This unt- 
que feature provides system level power savings as much 
as 80% 


The SY2147H is packaged in an 18-pin DIP for the highest 
possible density The device ts fully TTL compatible and has 
a single +5V power supply 


Block Diagram 


MEMORY ARRAY 
64 ROWS 
64 COLUMNS 


COLUMN I/O CIRCUITS 
COLUMN SELECT 


A 


Ao Aq Ag Ag Aig Art 


Absolute Maximum Ratings 


Temperature Under Bias_ .............. -10°C to +85°C 
Storage Temperature ............020- -65°C to +150°C 
Voltage on Any Pin with 

Respect to Ground ............0ce eee 3.5 Vto+7V 
Power DISSIPatiON ........ cece eee ee ee eee teens 1.2W 


SY2147H 


Comment* 

Stresses above those listed under “‘Absolute Maximum 
Ratings’ may cause permanent damage to the device. This 
IS a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 


D.C. Characteristics T, =0°C to +70°C, Vec = 5V +10% (Unless otherwise specified) (Note 8) 


Symbol} Parameter 
Ih Input Load Current (All input pins) 
|!Lo| Output Leakage Current 


Standby Current 


Ipo Peak Power-on Current 
(Note 9) 


VIL Input Low Voltage -30 OS? 
Vit Input High Voltage | 20 | 60] 


VOL Output Low Voltage 
VoH Output High Voltage 


a 
ow 


Capacitance T, = 25°C, f= 1.0 MHz 


Symbol 


Output Capacitance 


Input Capacitance 


NOTE This parameter is periodically sampled and not 100% tested. 


50 50 vA | CE=Vin, Vec = Max, 
Vout = Gnd to 4 5V 
lec Power Supply Current 115 150 mA | Ta=25°C = Veco = Max, CE= Vy. 
125 160 mA | Ta=O°C Outputs Open 


15 50 mA Vcc = Gnd to Vec Min 
CE = Lower of Vcc or Viyy Min 


A.C. Characteristics T, = 0°C to +70°C, Voc = 5V +10% (Unless otherwise specified) (Notes 8, 10) 


READ CYCLE 
symot | remmee — 
tpp Chip Deselection to Power Down Time he a 
WRITE CYCLE 
we 
ion 
Taw 
ele 


tas Address Setup Time 
twp Write Pulse Width 
Write Recovery Time 
Data Valid to End of Write 
toH Data Hold Time 
Write Enabled to Output in High Z 
tow Output Active from End of Write 


ES |T |S ls 
N sla 
} 
1 
—1| Nh Nh 
LE 
oi 
af 
on 
|e 
oO 
=} 
77) 
| 


N oe) BL ALA 
On oy oO 
(o>) 
E 
i? 2) 
No 


2147H-2 2147H-3/HL-3 | 2147H/HL 


>) 
n 


SN 
o) 
=) 

ome 


E 
s 
n 
N 


(o) (e) 
N (ee) 
oO oO 
a 
[o) (e) 
Hla| @ n 7 7) alan 


=) 
n 


p=) 
Wn 


i 

i 
ie 
=o 


=) 
nIrn 


wn 


=) 
n 


ala 
”n 
~S 


(see following page for notes) 
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Timing Diagrams 
READ CYCLE NO. 1 (NOTES 3 AND 4) 


trac 


ADDRESS 


DATA OUT PREVIOUS DATA VALID DATA VALID 


READ CYCLE NO. 2 (NOTES 3AND 5) 


TtACE 
tz 
tLz 


HIGH IMPEDANCE \/ HIGH 
DATA OUT (xX xX} DATA VALID 
(\_L£\ IMPEDANCE 


Voc lec 
SUPPLY 
CURRENT '!sg 


WRITE CYCLE NO. 1 (WE CONTROLLED) (NOTE 6) 


ADDRESS 


cz _\ FILLES LLL 
= 


tas twp —w 


DATA IN 


=<«—_-— tow --——- > 


HIGH IMPEDANCE 


DATA OUT DATA UNDEFINED 


NOTES 
1 Chip deselected for greater than 55ns prior to selection 
2 Chip deselected for a finite time that 1s less than 55ns prior to selection (If the deselect time is Ons, the chip ts by definition selected and 
access occurs according to Read Cycle No 1 ) 
WE is high for Read Cycles 
Device is continuously selected, CE= VIL 
Addresses valid prior to or coincident with CE transition low 
If CE goes high simultaneously with WE high, the outputs remain in the high tmpedance state 
Transition 1s measured +500mvV from low or high impedance voltage with load B This parameter !s sampled and not 100% tested 
The operating ambient temperature range 1s guaranteed with transverse air flow exceeding 400 linear feet per minute 
A pullup resistor to Vcc on the CE input is required to keep the device deselected otherwise, power-on current approaches Icc active 
A minimum 0.5 ms time delay ts required after application of Vcc (+5V) before proper device operation 1s achieved. 


SOMYNaAnAW 


— 
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ADDRESS 


taw 


AA AAAANAA AN 


DATA VALID 


DATA IN e | 


SY2147H 


twr 


tALASL ST I 


tou 


HIGH IMPEDANCE 


DATA OUT DATA UNDEFINED 


A.C. Testing Input, Output Waveform 


1.5V<— TEST POINTS 


INPUT OUTPUT 


A.C. TESTING INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC 
“1” AND 0 OV FOR A LOGIC “0”. TIMING MEASUREMENTS 
ARE MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC 
“0" AT THE OUTPUTS. THE INPUTS ARE MEASURED AT 1 5V. 
INPUT RISE AND FALL TIMES ARE 5ns. 


Package Availibility | 18 Pin Molded DIP 


Ordering Information 


Operating | Standby 
Order Current Current 
Number (Max.) (Max.) 


SYP2147H-2 
SYP2147H-3 
SYP2147HL-3 
SYP2147H 
SYP2147HL 
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A.C. Testing Load Circuit 


30 pF 
(INCLUDING 
SCOPE AND 
JIG) 


Package 
Type 
Molded DIP 
Molded DIP 
Molded DIP 
Molded DIP 
Molded DIP 


SY2148H 


1024 x 4 Static 
Random Access Memory 


Features 


45 ns Maximum Access Time 

No Clocks or Strobes Required 

Automatic CE Power Down 

Identical Cycle and Access Times 

Single +5V Supply (£10%) 

Pinout and Function Compatible to SY2148 


Description 


The Synertek SY2148H ts a 4096-Bit Static Random Access 
Memory organized 1024 words by 4 bits and ts fabricated 
using Synertek’s new scaled n-channel silicon gate tech- 
nology It is designed using fully static circuitry, therefore 
requiring no clock or refreshing to operate. Address set-up 
times are not required and the data is read out non- 
destructively with the same polarity as the input data 
Common data input and output pins provide maximum 
design flexibility The three-state output facilitates memory 
expansion by allowing the outputs to be OR-tied to other 
devices. 


Pin Configuration 


2-39 


Performance Upgrade for SY2148 

Industry Standard 2114 Pinout 

Totally TTL Compatible all Inputs and Outputs 
Common Data Input and Output 

High Density 18-Pin Package 

Three-State Output 


The SY2148 offers an automatic power down feature 
Power down 1s controlled by the Chip Enable input When 
Chip Enable (CE) goes high, thus deselecting the 
SYM2148H, the device will automatically power down and 
remain tn a standby power mode as long as CE remains 
high This unique feature provides system level power sav- 
Ings as much as 85%. 

The SY2148H is packaged 1n an 18-pin DIP for the highest 
possible density The device ts fully TTL compatible and has 
a single +5V power supply 


Block Diagram 


MEMORY ARRAY 
ROW 64 ROWS 
SELECT 64 COLUMNS 


COLUMN I/O CIRCUITS 
COLUMN SELECT 


Synertek. 


Absolute Maximum Ratings* 


Temperature Under Bias ............. -10°C to +85°C 
Storage Temperature ............... -65°C to +150°C 
Voltage on Any Pin with 

Respect to Ground ..............00008. -3.5Vtot7V 
Power Dissipation ....... cc cece cee eee eee ees 1.0W 


D.C. Characteristics 


Symbol Parameter 


Why Input Load Current 
(All input pins) 


|! Lo| Output Leakage Current 


Isp Standby Current 


IPO Peak Power-on Current 
(Note 9) 


VIL Input Low Voltage 
VIH Input High Voltage 


Te 
ae 


SY2148H 


Comment* 

Stresses above those listed under ‘“Absolute Maximum Rat- 
ings’’ may cause permanent damage to the device. This Is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in the 
operational sections of this specification ts not tmplied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability 


Ta =0°Cto +70 C, Voc = 5V +10% (Unless otherwise specified) (note 8) 


2148H/H-2/H-3 


2148HL/HL-3 


uA CE = Vin. Vec = Max 
VouT = Gnd to 4.5V 
pt | ma_| Ta=25°C | Vee = Max, CE = Vip 


30 mA Vcc = Gnd to Vcc Min 
CE = Lower of Vcc or Viyy Min 


Capacitance Ta = 25°C, f= 1.0 MHz 


Input Capacitance 


5 


NOTE This parameter is periodically sampled and not 100% tested. 


A.C. Characteristics 


Ta =0°C to +70°C, Voc = 5V £10% (Unless otherwise specified) (note 8) 


READ CYCLE 
araan2 [awanamia] aan 
Symbol Parameter | Min. | Max. | Min. | Max. | Min. | Max. | Unit Conditions 
sac | Rend Gye Tre a a ee ee 
tAA Address Access Time | 45 { | 55 | | 70 { ns | 
tACE1 Chip Enable Access Time -45 {| | 55 { | 70 | ns | Note 1 
tACE2 Chip Enable Access time | 5 | | 6 | | 80 | ns | Note 2 
tOH Output Hold from Address Change re eee ee 
tLz Chip Selection to Output in Low Z ft 10 | ff 10 | ons Note 7 
tHz Chip Deselection to Output in High Z | O | 20 | O | 20 | Oo | 20 | ns | Note 7 °° 
WRITE CYCLE 
tcw Chip Enabled to End of Write 40; | so] | 6 | | ns | | 
tAW Address Valid to End of Write 40 +p B44 
Sie Wr ie aa 
twe | Write Pulse Width Oe 
twR Write Recovery Time 5 a ee eee ee 
tDW Data Valid to End of Write 20; | 20] #+x| of] fons | 
5 ae oe 
ae a ee Ae ee ee ee 


(See following page for notes) __ 
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Timing Diagrams 
READ CYCLE NO. 1 (NOTES 3 AND 4) 


ADDRESS 


DATA OUT PREVIOUS DATA VALID DATA VALID 


READ CYCLE NO. 2 (NOTES 3AND 5) 


eae =| 
CE 
- tACE : 
i*— tHz 
tLz 
DATA OUT eee (XX } DATA VALID — 

(\._L£\ IMPEDANCE 

~+——— tpp 


Vec GG Ss Ree ee 
SUPPLY 
CURRENT 'sp 


WRITE CYCLE NO. 1 (WE CONTROLLED) (NOTE 6) 


twe i 
tow ae 
e\\5 FLIL[LIJ LLL 
CE N I\ ‘A 
taw ae ; 
tas ~ twe = ie 


DATA IN 


HIGH IMPEDANCE 


DATA OUT DATA UNDEFINED 


NOTES 
1 Chip deselected for greater than 55ns prior to selection 
2 Chip deselected for a finite time that is less than 55ns prior to selection (If the deselect time is Ons, the chip is by definition selected and 
access occurs according to Read Cycle No 1 ) 
3 WE ts high for Read Cycles 
4 Device is continuously selected, CE = Vit 
5 Addresses valid prior to or coincident with CE transition low 
6 IfCE goes high simultaneously with WE high, the outputs remain in the high mpedance state 
7 Transition is measured +500mV from low or high impedance voltage with load B This parameter 1s sampled and not 100% tested 
8 The operating ambient temperature range !s guaranteed with transverse air flow exceeding 400 linear feet per minute 
9 Apullup resistor to Vcc on the CE input is required to keep the device deselected otherwise, power-on current approaches Icc active 
10. A minimum 0.5 ms time delay Is required after application of Vcc (+5V) before proper device operation !s achieved. 
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WRITE CYCLE NO. 2 (CE CONTROLLED) (NOTE 6) 


twe 


taw 
twr 


A AAAAAAAAA iY iy a A ed a 


S tow ——_______> toH > 
DATA IN e | DATA VALID 
|< twz — 


HIGH IMPEDANCE 
DATA OUT DATA UNDEFINED 


A.C. Testing Input, Output Waveform A.C. Testing Load Circuit 


1.5V<— TEST POINTS 


30 pF 
(INCLUDING 
SCOPE AND 
JIG) 


INPUT OUTPUT 


A.C. TESTING: INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC 
“1” AND 0.0V FOR A LOGIC “0” TIMING MEASUREMENTS 
ARE MADE AT 2 OV FOR A LOGIC “1” AND 0.8V FOR A LOGIC 
“0” AT THE OUTPUTS THE INPUTS ARE MEASURED AT 1 5V 
INPUT RISE AND FALL TIMES ARE 5ns 


Package Availability 18 Pin Molded DIP 


Ordering Information 


Access Operating | Standby 
Order Time Current Current Package 
Number (Max.) (Max.) (Max.) Type 


SYP2148H Molded DIP 
SYP2148H-2 Molded DIP 
SYP2148H-3 Molded DIP 
SYP2148HL Molded DIP 
SYP2148HL-3 Molded DIP 
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SY2149H 


1024 x 4 Static 
Random Access Memory 


Features 


45 ns Maximum Address Access 

Fully Static Operation: 

No Clocks or Strobes Required 

Fast Chip Select Access Time: 20ns Max. 
Identical Cycle and Access Times 

Single +5V Supply 


Description 


The Synertek SY2149H ts a 4096-Bit Static Random 
Access Memory organized 1024 words by 4 bits and is 
fabricated using Synertek’s new N-Channel Silicon- 
Gate HMOS technology. It is designed using fully stat- 
ic circuitry, therefore requiring no clock or refreshing 
to operate. Address set-up times are not required and 
the data is read out non-destructively with the same 
polarity as the input data. Common data input and 
output pins provide maximum design flexibility. The 
three-state output facilitates memory expansion by 
allowing the outputs to be OR-tied to other devices. 


Pin Configuration 


Industry Standard 2114 Pinout 
Totally TTL Compatible: 

All Inputs and Outputs 

Common Data Input and Outputs 
High Density 18-Pin Package 
Three-State Output 


The SY2149H offers a chip select access that is faster 
than its address access. In a typical application, the 
address access begins as soon as the address is valid. 
At this time, the high order addresses are decoded 
and the desired memory is then selected. With the 
faster chip select access, this decode time will not 
add to the overall access time thus significantly im- 
proving system performance. 

The SY2149H ts packaged in an 18-pin DIP for the 


highest possible density. The device is fully TTL com- 
patible and has a single +5V power supply. 


Block Diagram 


MEMORY ARRAY 
ROW 64 ROWS 
SELECT 64 COLUMNS 


COLUMN 1/0 CIRCUITS 


COLUMN SELECT 


A 
A3 


<4 


nl 
—<—<—<—<—<_—=—=—— 
N 
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Absolute Maximum Ratings* 


Temperature Under Bias_ .............. -10°C to +85°C 
Storage Temperature ................ -65°C to +150°C 
Voltage on Any Pin with 

Respect to Ground ............0e cece -3.5Vtot7V 
Power Dissipation ......... ccc cece cece cece eeees 1.0W 


D.C. Characteristics 


2149H-2, 2149H-3, 


Comment* 

Stresses above those listed under ‘“‘Absolute Maximum 
Ratings’”’ may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 


at these or at any other condition above those indicated in 
the operational sections of this specification 1s not implied. 


2149H 


ol Input Load Current 10 BA Vcc = Max, Vin = Gndto Vcc 
(All input pins). 
1 Lo| Output Leakage Current uA | CS= Vin, Vec = Max 
VouT = Gnd to 4.5V 
loc Power Supply Current {| | 115 | S| 140 | mA | Ta = 25°C | Voc = Max, CS= VL 
los Output Short Circuit +200 +200 mA | VouT=GND to Vcc 
Current (Note 7) 
Capacitance = Ty, = 25°C, f= 1.0 MHz 
Cour Output Capacitance a ee ee 
NOTE: This parameter is periodically sampled and not 100% tested. 


A.C. Characteristics 


Ta = 0°C to +70°C, Vec = 5V £10% (Unless otherwise specified) (Notes 6, 8) 


READ CYCLE 

[avons | “as | “Seon 

2149H-2 2149H-3 2149H 
wt | me a a nt 
tre___| ReadCycletime fa | 88 | | 0 | ns | 
tacs Chip Select Access Time | {| 20 | 25 fT 30 | ons | 
WRITE CYCLE 
we | WrieCvcleTime _—=S=s~=~C~isrCTSC*d dd 
tow | Chip Selection to Endofwrte | ao | | so | | os | | ns | 
taw | Address Valid wo EndofWrie | ao | {so | | es | | ns 
we | WrtePusewidts ————sSSSC*d |S TCT |i 
wA | Wite Recovery Time Ss | S| TS | me | 
a a HD 8 
toH | DateHoldtime —=SSSSSSCd| || | df 0 fd 
twz | Write Enabled to Output inion Z | 0 | 18 | 0 | 20 | 0 | 2 | ns [Nows 
row | Ourput Active fromendofwrite | oO [ | ©] | © | | ms [Notes 


(See following page for notes) 
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Synertek. SY2149H 


Timing Diagrams 


READ CYCLE NO. 1 (Notes 1 and 2) 


ADDRESS 


DATA OUT PREVIOUS DATA VALID DATA VALID 


READ CYCLE NO. 2 (Notes 1 and 3) 


ES a ee te Beng Se ee eT py eee trc . 
cs 
t 
ACS tie 
tLz 
DATA OUT SiS Male (xX XxX} DATA VALID — 
[\._F£\ IMPEDANCE 


WRITE CYCLE NO. 1 (WE controlled) (Note 4) 


twe 


« \A ELL ELL L/ 


taw 
tas twe 


‘ \3 
WE 
\ 


i - 
CT omavae 


twr 


DATA IN 


HIGH IMPEDANCE 


DATA OUT DATA UNDEFINED 


NOTES: 

1 WE ts high for Read Cycles. ue 

2 Device ts continuously selected, CS = Vi, 

3 Addresses valid heed? 

4 If CS goes high simultaneously with WE high, the outputs remain in the high impedance state 

5 Transition is measured +500 mV from low or high impedance voltage with load B This parameter is sampled and not 100% tested 
6 The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute 

7 Duration not to exceed one minute 

8 AminimumO 5 ms time delay ts required after application of Vcc (+5V) before proper device operation is achieved 
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ADDRESS 


VAAAAAAAA NS 


DATA IN 


DATA OUT 


e DATA VALID 


DATA UNDEFINED 


A.C. Testing Input, Output Waveform 


1.5V—e— TEST POINTS 


INPUT 


OUTPUT 


A.C. TESTING: INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC 
“1” AND 0 0V FOR A LOGIC “0”, TIMING MEASUREMENTS 
ARE MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC 
“0” AT THE OUTPUTS. THE INPUTS ARE MEASURED AT 1.5V. 
INPUT RISE AND FALL TIMES ARE 5ns. 


Package Availabilify 18 Pin Molded DIP 


SY2149H 


twr 


ae A A iy Sa iy a 


tow tou 


HIGH IMPEDANCE 


A.C. Testing Load Circuit 


30 pF 
(INCLUDING 
SCOPE AND 
JIG) 


Ordering Information 


Order 
Number 


SYP2149H-2 45nsec 
SYP2149H-3 55nsec 
SYP2149HL-3 55nsec 
SYP2149H 70nsec 
SYP2149HL 70nsec 


Supply 
Current Package 
(Max.) Type 


Molded DIP 
Molded DIP 
Molded DIP 
Molded DIP 
Molded DIP 
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SY2150 
Cache Address Comparator 


Synertek. 


ADVANCED INFORMATION 


Features 


e Fast Address to Match Valid Delay — Two Speed 
Ranges. 45 ns, 55 ns 


e 512 x9 Internal RAM 
e 300-Mil 24-Pin Ceramic Side Brazed Package 
e Maximum Power Dissipation’ 660 mW 


e On-Chip Parity Generation and Checking 


Description 


The 8-bit slice cache address comparator consists of a high- 
speed 512 x 9 static RAM array, parity generator, and parity 
checker, and 9-bit high-speed comparator It is fabricated 
using N-channel silicon gate technology for high speed and 
simple interface with MOS and bipolar TTL circuits The 
cache address comparator ts easily cascadable for wider tag 
addresses or deeper tag memories Significant reductions in 
cache memory component count, board area, and power 
dissipation can be achieved with this device 


When S ts low and W ts high, the cache address compara- 
tor compares the contents of the memory location 
addressed by AO-A8 with the data on DO-D7 plus generated 
parity An equality 1s indicated by a high level on the 
MATCH output A low-level output from PE signifies a parity 


Pin Configuration 


oe oN oO oS ON Se 


— - = 
NR = © 


e Parity Error Output/Force Parity Error Input 
e On-Chip Address/Data Comparator 

e Asynchronous, Single-Cycle Reset 

e Easily Expandable 

e Fully Static, TTL Compatible 


ity error in the internal RAM data PE ts an N-channel 
open drain output for easy OR-tietng During a write cycle 
(S and W low), data on DO-D7 plus generated even parity 
are written in the 9-bit memory location addressed by AO- 
A8. Also during write, a parity error may be forced by 
holding PE low 


A RESET tnput is provided for initialization When RESET 
goes low, all 512 x 9 RAM locations will be cleared and the 
MATCH output will be forced high 


The cache address comparator operates from a single +5 V 
supply and ts offered in a 24-pin 300-mil side brazed pack- 
age The device ts fully TTL compatible and is guaranteed to 
operate from O° to 70°C 


Block Diagram 


RAM 512xX9 


PARITY 
CHECKER 
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SY2158 


1024 x 8 Static 
Random Access Memory 


Features 


@ 120nsec Maximum Access Time 
@ Fully Static Operation: 

No Clocks or Strobes Required 
@ Automatic CE Power Down 
@ identical Cycle and Access Times 
@ Single +5V Supply ( + 10%) 


Description 


The Synertek SY2158 is a 8192 bit static Random Access 
Memory organized 1024 words by eight bits and is fabricated 
using Synertek’s new scaled n-channel silicon gate tech- 
nology It 1s designed using fully static circuitry, there- 
fore requiring no clocks or refreshing to operate. The 
common data input and three-state output pins optimize 
compatibility with systems utilizing a bidirectional data bus 


The SY2158 offers an automatic power down feature under 
the control of the chip enable (CE) input When CE goes 
high, deselecting the chip, the device will automatically 
power down and remain in a standby power mode as long 


Pin Configuration 


—_ 


on ON DO SP WW DN 


@ Pin Compatible with 2716 16K EPROM 
@ Totatly TTL Compatible: 
All Inputs and Outputs 
@ Common Data Input and Output 
@ Three-State Output as 
@ Output Enable Function (OE) 


as CE remains high. This feature provides significant sys- 
tem level power savings. 


The SY2158 is available in two versions. For the “A” ver- 
sion, the select reference input (Ag) must be at Vj, and for 
the “B" version Ag must be at Vip. 


The SY2158 is pin compatible with 16K ROMs, EPROMs 
and E2PROMs thus offering the user the flexibility of 
switching between RAM, ROM, EPROM, and E2PROM with 
a minimum of board layout changes. 


Block Diagram 


ROW 
ADDRESS 8192 BIT ARRAY 
DECODER 
DRIVER 


COLUMN 1/0 CIRCUITS 


COLUMN 
ADDRESS 
DECODER 

DRIVER 
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Synertek. SY2158 


j j * Comment* 
Absolute Maximum Ratings 4 7 Stresses above those listed under “Absolute Maximum Rat- 
Temperature Under Bias ..............-. “10 C to 85°C Ings” may cause permanent damage to the device. This 1s a 
Storage Temperature ..........-.++5:. “65°C to 150°C stress rating only and functional operation of the device at 
Voltage on Any Pin with these or at any other condition above those indicated tn the 
Respect to Ground ......-.-.+seeee reese “3 5V to +7V operational sections of this specification is not implied. 
Power Dissipation ......... cece eee eee teeter eeee 1 OW Exposure to absolute maximum rating conditions for 


extended periods may affect device reliability. 


D.C. Characteristics Ta =0°C to +70°C, Vec = 5V +10% (Unless otherwise specified) 


2158-2/-3/-4 
Conditions 
Voc = Max, Vin = Gnd to Voc 


Vout = Gnd to 4 5V 


lec Power Supply Current pT os ma | T= 25°C | Vee = Max, CE = Vy, 
ae 


Symbol Parameter 
hy Input Load Current (All input pins) 


llo Output Leakage Current 


Outputs Open 
Standby Current 
mA | Vcc = Gnd to Vee Min 


lpo Peak Power-on Current Note 6 
CE = Lower of Vcc or Viy Min 


an 
o 


Va Output Low Voltage ne i lo. =32mA 
Von Output High Voltage i aa low = -1.0 mA 


Capacitance se Ty = 25°C, f= 1.0 MHz 


Output Capacitance 


Input Capacitance 


+ 
© 
: 


NOTE This parameter is periodically sampled and not 100% tested. 
A.C. Characteristics Ta = 0°C to +70°C, Veg = 5V 10% (Note 7) 


READ CYCLE 
aise-2 | 2160-3 | area 

emt] amr tf | ne | cons 
i io] fro | [a0] 

tan [ Adios Asse Tine PRO | (ROO | oe 

tace | Grp Eble Accom Time | fra | [160 | [200 | me 

tage | Ouputtrabe Acces tine | | | le | [70 | 

io | Ouputrotd trom Adare Crone | 70 [ [wo ) [vo | | | 

uz _[Oupsttonztime «| | fv [| [vo | [m | noes 
iz | Oumnnanztine «| © [0% [| | mw | News 
wu | Sip erevieroromrvetine | of fe | fo | | m 

wo | CrDascieroPomrdanmTine | fe] [e | [mop 

WRITE CYCLE 

we [weticetine «dL OT «eo [mo TT 

ron_| Crp Srabiew ensotwrre | wo [fa | [160 || 

caw | Assen vataroenaatwees | 90 | [rao [iso [| 

tas | AdsresSouptine Sid pO] 

we | weiePumewam «| 7 | [eo | fio || 

wa | wieRecomytine TO | fe | fe ff 

‘ow | Ora veldvotaorwwe | so] [| fe) [= 

ion | Dnerowtine TO Tf | po | 

wz | WiteErabedioOupainnane [0 [%@ [o [50 [0 [60 | w | News 
con | Ouput hate rom End ofwrne fo | [oe | fo | [aw | News 


(See following page for notes) 
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Synertek. SY2158 
Timing Diagrams 
READ CYCLE NO. 1 (NOTES 1 and 2) 


trc 


ADDRESS 


DATA OUT PREVIOUS DATA VALID DATA VALID 


READ CYCLE NO. 2 (NOTES 1 and 3) 


—— TACE 


HIGH IMPEDANCE 


= |} »—_——+ 
(Ce Se eS a ee ee a 
Vec CURRENT so 50% ‘ 
Isp 


WRITE CYCLE NO. 1 (NOTE 4) 


DATA OUT 


twe 


ADDRESS 


e \\ ALLL LL LS 


taw 


tas twe >| 


RE YAS 
WE 
\ 


twr 


we a 


DATA IN DATA VALID a 


ay Ae XAAAANS 


+2 =F 


Notes: 

WE is high for Read Cycles. 

Device is continuously selected, CE = OE = Vy,. 

Addresses valid prior to or coincident with CE transition low. 

If CE goes high simultaneously with WE high, the outputs remain in the high impedance state. 

Transition 1s measured +500mV from low or high impedance voltage with load B. This parameter is sampled and not 100% tested. 

A pullup resistor to Vcc on the CE input is required to keep the device deselected: otherwise, power-on current approaches ICC active. 
. Aminimum 0.5 ms time delay is required after application of Vcc (+5V) before proper device operation is achieved 


SSS a ey > 
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ADDRESS 


HIGH IMPEDANCE 
DATA OUT DATA UNDEFINED 


A.C. Testing Input, Output Waveform A.C. Testing Load Circuit 


20V 


TEST POINTS 12502 


08V 


100pF 


INPUT OUTPUT (INCLUDING 
SCOPE AND 


JIG) 
AC TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC “1” 


AND 0 4V FOR A LOGIC “0” TIMING MEASUREMENTS ARE 
MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC “0” 
INPUT PULSE RISE AND FALL TIMES ARE 5ns 


Package Availability 24 Pin Molded DIP 


Ordering Information 


Access | Operating | Standby 
Order Time Current Current Package 
Number (Max) (Max) (Max) Type 
SYP2158A-2 Molded DIP 
SYP2158A-3 Molded DIP 
SYP2158A-4 Molded DIP 
SYP2158B-4 Molded DIP 
SYP2158B-3 Molded DIP 
SYP2158B-2 Molded DIP 
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SY2158 


| 
: 
| 


Synertek. 


ADVANCED INFORMATION 


Features 


45 nsec Maximum Access Time 
No Clocks or Strobes Required 
Automatic CE Power Down 
Identical Cycle and Access Times 
Single +5V Supply 


Description 


The Synertek SY2167 is a 16,384-Bit Static Random Access 
Memory organized 16,384 words by 1-bit and ts fabricated 
using Synertek’s new N-Channel Double Polysilicon Gate 
HMOS technology. It 1s designed using fully static circuitry, 
therefore requiring no clock or refreshing to operate. Address 
set-up times are not required and the data is read out non- 
destructively with the same polarity as the tnput data. 
Separate data input and output pins provide maximum design 
flexibilty The three-state output facilitates memory expansion 
by allowing the outputs to be OR-tied to other devices. 


Pin Configuration 


SY2167 


16,384 x 1 Static 
Random Access Memory 


Totally TTL Compatible 

All Inputs and Outputs 
Separate Data Input and Output 
High Density 20 Pin Package 
Three-State Output 


The SY2167 offers an automatic power down feature. Power 
down ts controlled by the Chip Enable input. When Chip 
Enable (CE) goes high, thus de-selecting the SY2167, the 
device will automatically power down and remain ina standby 
power mode as long as CE remains high. This unique feature 
provides system level power savings as much as 80%. 


The SY2167 its packaged in a 20-pin DIP for the highest 
possible density. The device is fully TTL compatible and has a 
single +5V power supply. 


Block Diagram 


> eR 
> a 


> = 
MEMORY ARRAY 
128 ROWS 


128 COLUMNS 
a _| 


Le | 
>a 


> COLUMN 1/O CIRCUITS 


COLUMN SELECT 


: 
ARA KAKA 


Ao Aq As Ajo Ait Ai2 Aiz 
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Synertek. 


Absolute Maximum Ratings” 


Temperature Under Bias 
Storage Temperature ..............40- 
Voltage on Any Pin with 

Respect to Ground 
Power Dissipation 


-10°C to 85°C 
-65°C to 150°C 


Cr 


D.C. Characteristics 1, = 0°C to +70°C, Veg = 5V +1 


SY2167 


Comment* 


Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sec- 
tions of this specification is not implied. 


0% (Unless otherwise specified) (Note 6) 


Vout = Gnd to 4 5V 
lec (Eee ee ee ee Veco = Max, CE = Vi 
20m TTA O'C | Outputs Open 
CE = Lower of Vcc or Viy Min 


Capacitance T, = 25°C, f=10 MHz 


Test 


Output Capacitance 


Input Capacitance 


il 
< 
— 


NOTE This parameter is periodically sampled and not 100% tested 


A.C. Characteristics T, = 0°C to +70°C, Veg = 5V + 
READ CYCLE 


10% (Unless otherwise specified) (Notes 6, 9) 


2167-3 2167-2 
cmt | pawn i eT | 
iz | Ch Selection toOutpurmtowz | 8 | |8 || 6 || 
WRITE CYCLE 
Symbol | Parameter | Min | Max. | Min. | Max. | Min. | Max. | Unit 
wc | _Wetecytetime ——SSSSC—~isY~CS] | | 
tow | Chip Enabled to EndofWnre——=S—=~—~—rCiSSSPSSC*idCSPSC*dC SSC 
iaw | Address Valid to End of ene ———~+d| 68 | so || 40 | | as 
we | _WntePulsewiath ———S~C~CSC~i | CdS CdS SC*dSC 
wa | _WriteRecoverytime ——S—CSCS TCT dC COCs 
iow | Data Vand EndofWnte ———~+?|~— 0] +i 20 iY 8 | | as 
wz | _Wnte Enabled to OuiputimAigh@ «dt _o | 38 | o | 2 | 0 | 2 | ns 
tow Output Active from End of Write | o {| 40 | o | 30 {| o | 25 | ns 
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Synertek, SY2167 


Timing Diagrams 
READ CYCLE NO. 1 (Notes 1 and 2) 


tac 
tan 
ton 
Y VU VY 
DATA OUT PREVIOUS DATA VALID KX X 3 DATA VALID 
READ CYCLE NO. 2 (Notes 1 and 3) 
tre 


\/ HIGH 
DATA OUT DATA VALID Lo 
‘\ /\ IMPEDANCE 


Vec loc 
SUPPLY 
CURRENT 'sg 


WRITE CYCLE NO. 1 (WE Controlled) (Note 4) 


twec 


e \A ALIAS LLL 


taw 
We ‘ \3 
\ 


— ae 
CT omavae | > 


—_—_—_—_—— tow 


twr 


DATA IN 


HIGH IMPEDANCE 


DATA OUT DATA UNDEFINED 
Notes: 
WE is high for Read Cycles = 
Device is continuously selected, CE=V,, __ 
Addresses valid prior to or coincident with CE transition low 
If CE goes high simultaneously with WE high, the outputs remain in the high impedance state 
Transition ts measured +500 mV from low or high impedance voltage with load B This parameter is sampled and not 100% tested 
The operating ambient temperature range 1s guaranteed with transverse air flow exceeding 400 linear feet per minute 
A pullup resistor to Vcc on the CE input is required to keep the device deselected otherwise, power-on current approaches Ic¢¢ active 
Duration not to exceed one second 
. Aminimum 0 5 ms time delay is required after application of Vcc (+5V) before proper device operation is achieved. 
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Synertek. SY2167 


WRITE CYCLE NO. 2 (CS Controlled) (Note 4) 


taw 
twrR 
_——————— twe 


\AAAAAA AAA a A i ay iy a a 


DATA IN DATA VALID 


HIGH IMPEDANCE 
DATA OUT DATA UNDEFINED 


A.C. Testing Input, Output Waveform A.C. Testing Load Circuit 


30 pF 


INPUT OUTPUT (INCLUDING 
SCOPE AND 


A.C TESTING INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC see 
“1 AND 0.0V FOR A LOGIC “0” TIMING MEASUREMENTS 

ARE MADE AT 2 0V FOR A LOGIC “1” AND 0 8V FOR A LOGIC 

“0" AT THE OUTPUTS THE INPUTS ARE MEASURED AT 1 5V 

INPUT RISE AND FALL TIMES ARE 5ns 


Package Availability 20 Pin Molded DIP 


Ordering Information 


Order 
Number 
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Synertek. 


ADVANCED INFORMATION 


Features 


45 ns Maximum Access Time 
No Clocks or Strobes Required 
Automatic CE Power Down 
Identical Cycle and Access Times 
Single +5V Supply (+10%) 


Description 


The Synertek SY2168 is a 16,384-Bit Static Random Access 
Memory organized 4096 words by 4 bits and is fabricated 
using Synertek’s scaled n-channel double poly silicon gate 
technology. It is designed using fully static circuitry, therefore 
requiring no clock or refreshing to operate. Address set-up 
times are not required and the data is read out non- 
destructively with the same polarity as the input data. 
Common data input and output pins provide maximum design 
flexibility. The three-state output facilitates memory expan- 
sion by allowing the outputs to be OR-tied to other devices. 


SY2168 
4096 x 4 Static 
Random Access Memory 


JEDEC Standard Pinout 

Totally TTL Compatible All Inputs and Outputs 
Common Data Input and Output 

High Density 20-Pin Package 

Three-State Output 


The SY2168 offers an automatic power down feature Power 
down ts controlled by the Chip Enable input. When Chip 
Enable (CE) goes high, thus de-selecting the SY2168, the 
device will automatically power down and remain ina standby 
power mode as long as CE remains high. This unique feature 
provides system level power savings as much as 85%. 


The SY2168 is packaged tn a 20-pin DIP for the highest 
possible density. The device ts fully TTL compatible and has a 
single +5V power supply 


Pin Configuration Block Diagram 


Ao 


pb ame 
> sae 
pe 
>a MEMORY ARRAY 


ROW 128 ROWS 
SELECT 128 COLUMNS 


COLUMN 1/0 CIRCUITS 
COLUMN SELECT 
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Synertek. 


Absolute Maximum Ratings’ 


Temperature Under Bias .............. -10°C to +85°C 
Storage Temperature ................ -65°C to +150°C 
Voltage on Any Pin with 

Respect to Ground ...........02 cece eee -3.5Vtot+t7V 
Power Dissipation ........ ccc eee cece e ee eees 1.0 W 


SY2168 


Comment* 


Stresses above those listed under ‘‘Absolute Maximum Rat- 
ings’ may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. 


D.C. Characteristics Ta = O°C to +70°C, Vec = 5V +10% (Unless otherwise specified) (Note 6) 


ly Input Load Current (All input pins) 
[Iho Output Leakage Current 
loc 
Isp Standby Current 
lpg Peak Power-on Current (Note 7) 
Vib Input Low Voltage 
Vin Input High Voltage 
Vo Output Low Voltage ie= call 
Vou Output High Voltage 
los Output Short Circuit Current 


Capacitance T, = 25°C, f = 1.0 MHz 


Input Capacitance 


eee 


Vout = Gndto45V 


50 


Vec = Gnd to Vec Min 
CE = Lower of Vcc or Vix, Min 


Power Supply Current PT tt ma | t= 25°C | Voc = Max, CE = Vy 
20m [T= 0°C | Outputs Open 


(o) 
BSS 


lou = 


Vout = GND to Vec (Note 9) 


+200 


NOTE This parameter ts periodically sampled and not 100% tested 


A.C. Characteristics Ta = O°C to +70°C, Vec = 5V £10% (Unless otherwise specified) (Notes 6, 8) 


READ CYCLE 

Symbol | Parameter Min. [Max [ Min. [Max [Min [Max 
WRITE CYCLE 

Symbol[ Parameter —~S~SC~*wrCSMn Me in| Mex [Min | Ma 
we | Wnecyletme ———SsS—~idSC—Ci TCC OTC CY 

iow | ChpEnabledioendotwnte———S«dp = BYSCSC*SCOTSSC*dC 

taw | Address ValidioEndofwete «df TP OCC 

iwp | White Pulse with ————SSCSC—~sS ABYSS OSSSCd 

iw | WateRecoverytime ——SSCSC—~iSS Pd 

‘ow | DataValdtoendofwie SiO YSCd Cid 

iwz__| Wate Enabled ve Ouput nigh | 0 | 2 [0 | 30} 0 | 29 
tow | Output AcivetromEndofWrte fo || 0 {| | 


(See following page for notes) 
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Synertek, | | | SY2168 


Timing Diagrams 
READ CYCLE NO. 1 (Notes 1 and 2) 


tac 


DATA OUT PREVIOUS DATA VALID DATA VALID 


READ CYCLE NO. 2 (Notes 1 and 3) 


tac 


{f/f / HIGH 
DATA OUT ae Ses DATA VALID i 
\ \ \_N IMPEDANCE 


tep 


Vec CaS SS Sa 
SUPPLY 
CURRENT 'sg 


WRITE CYCLE NO. 1 (WE Controlled) (Note 4) 


ALL ALL LL 


twr 


taw 
tas twp 


we ae 
\ 
= J 


DATA IN 


DATA VALID | 3 


—@_—— tow 


HIGH IMPEDANCE 


DATA OUT DATA UNDEFINED 


NOTES 

1 WE ts high for Read Cycles _ 

2 Device ts continuously selected, CE = Vj. 

3 Addresses valid prior to or coincident with CE transition low 

4 If CE goes high simultaneously with WE high, the outputs remain in the high impedance state 

5 Transition is measured +500 mV from low or high impedance voltage with load B This parameter ts sampled and not 100% tested 
6. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute 

7 Apullup resistor to Vec on the CE input ts required to keep the device deselected. otherwise, power-on current approaches lIcc active 
8 A minimum of 0 5 ms time delay is required after application of Vcc (+5V) before proper device operation is achieved 

9 Duration not to exceed one second 
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Synertek, | | SY2168 


WRITE CYCLE NO. 2 (CS Controlled) (Note 4) 


taw 
twrR 


tI TI II ID 7 


-<t___—___- twp 


WAAAY 


DATA IN 


e DATA VALID 


HIGH IMPEDANCE 


DATA OUT DATA UNDEFINED 


A.C. Testing Input, Output Waveform A.C. Testing Load Circuit 


1.5V~e— TEST POINTS 


30 pF 
(INCLUDING 
SCOPE AND 
JIG) 


INPUT OUTPUT 25522 2552 5 pF 


AC TESTING INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC 
“1° AND 0 OV FOR A LOGIC “0” TIMING MEASUREMENTS 
ARE MADE AT 2 OV FOR A LOGIC “1” AND 0 8V FOR A LOGIC 
“O" AT THE OUTPUTS THE INPUTS ARE MEASURED AT 1 5V 

INPUT RISE AND FALL TIMES ARE 5 ns 


Package Availability 20 Pin Molded DIP 


Ordering Information 


Access} Operating | Standby 
Order Current | Current Package 
Number (Max) (Max) Type 


YP2168-70 120 mA | 30mA | Molded DIP 
YP2168-55 120 mA | 30mA | Molded DIP 
120 mA Molded DIP 
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Synertek. 


ADVANCED INFORMATION 


Features 


45 ns Maximum Address Access Times 
Fully Static Operation. 

No Clocks or Strobes Required 

Fast Chip Select Access Time. 40 ns Max. 
Identical Cycle and Access Times 

Single +5V Supply 


Description 


The Synertek SY2169 1s a 16,384-Bit Static Random Access 
Memory organized 4096 words by 4 bits and ts fabricated 
using Synertek’s N-Channel double poly silicon gate HMOS 
technology. It is designed using fully static circuitry, therefore 
requiring no clock or refreshing to operate. Address set-up 
times are not required and the data ts read out non- 
destructively with the same polarity as the tnput data 
Common data input and output pins provide maximum design 
flexibilty. The three-state output facilitates memory expansion 
by allowing the outputs to be OR-tied to other devices. 


SY2169 


4096 x 4 Static 
Random Access Memory 


JEDEC Standard Pinout 

Totally TTL Compatible: 

All Inputs and Outputs 

Common Data Input and Outputs 
High Density 20-Pin Package 
Three-State Output 


The SY2169 offers a chip select access that ts faster than its 
address access. In a typical application, the address access 
begins as soon as the address |s valid. At this time, the high 
order addresses are decoded and the desired memory ts then 
selected. With the faster chip select access, this decode time 
will not add to the overall access time thus significantly 
improving system performance 


The SY2169 is packaged tn a 20-pin DIP for the highest 
possible density. The device ts fully TTL compatible and has a 
single +5V power supply. 


Pin Configuration Block Diagram 


As 


> 
> 
> an 
> aa MEMORY ARRAY 


ROW 64 ROWS 
Ss SELECT 64 COLUMNS 


COLUMN 1/0 CIRCUITS 
COLUMN SELECT 
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Synertek. SY2169 


Absolute Maximum Ratings* Comment” 
Stresses above those listed under ‘Absolute Maximum 
Temperature Under Bias ................ -10°C to 85°C Ratings” may cause permanent damage to the device This 
Storage Temperature ..............48. -65°C to 150°C IS a stress rating only and functional operation of the device 
Voltage on Any Pin with at these or at any other condition above those indicated tn 
Respect to Ground ............0ce eee eee -35Vtot+7V the operational sections of this specification 1s not implied. 
Power Dissipation ........ cece cece eee eee e ones 1 OW 


D.C. Characteristics T, = 0°C to +70°C, Vec = 5V 10% (Unless otherwise specified) (Note 6) 


pA cS = Vin. Vec = Max 
Vout = Gnd to 4 5V 
| 110 | ma | Ta = 285°C | Vee = Max, CS= Vy, 
120} mA TTS OC] Outputs Open 


Symbol Parameter 


lu Input Load Current (All input pins) 


lLo Output Leakage Current a 


Power Supply Current 


Vit Input Low Voltage 
Vin Input High Voltage 
VoL Output Low Voltage Sa 


lo. = 8 mA 


6) 
Vou Output High Voltage 24 lon = -4 mA 


50 
120 
04 
los Output Short Circuit Current Vout = Gnd to Vcc (Note 7) 


oo 
ro) 


Capacitance T, = 25°C, f = 1.0 MHz 


Test 
Output Capacitance 


Input Capacitance 


NOTE This parameter is periodically sampled and not 100% tested 


A.C. Characteristics T, = 0°C to +70°C, Veg = 5V +10% (Unless otherwise specified) (Note 6, 8) 


READ CYCLE 
Symbol] Parameter [Min [Max [Min [Max | Min. | Max 
iac__[Readcyletme —SssSC~<“‘~‘dSCi CT SSCCSCSC~*d(Ci‘OCYYT SSCSC~<‘idSCSC—‘ 
ee an oe Oe es Me ee 
WRITE CYCLE 
Symbol] Parameter ——~—~S*dCSn Ma [Mins [Max [Min [Max 
iwc _[WnteGyeletime ———SsSs«dT BSCS TSC‘ 
iow | Ghip Selection ond ofwnte | 48_-f —*+Y eo dT SSSC~dCi 
iaw | Address Vahd to End of Wine —~+f 48+ —S«dY oT SSC*dYCt 
ip | Wrte Pulse Width ————SSCS—~sCSCBS OC 
iwa__| Write Recoverytime_——Ssd| =~  dP CidT Sd 
‘ow | Data Valid woEnd of Wate ——~«t20~dt SSSCiC Sit 
tpy_ | DataHoldTime CY CO CC 
iwz | Wnte Enabled Ouputmeigh2 | 0 | 28 | o | 90 | 0 | 20 
‘ow [Output Acwve rom end ofWete | 0 [| | 0 |__| 0 


(See following page for notes) 


Synertck, SY2169 
Timing Diagrams 


READ CYCLE NO. 1 (Notes 1 and 2) 


tre 
taa 
ton 
—KXX) 
DATA OUT PREVIOUS DATA VALID K X A DATA VALID 
READ CYCLE NO. 2 (Notes 1 and 3) 
tre 


tiz 


HIGH IMPEDANCE 
DATA OUT (XK 


WRITE CYCLE NO. 1 (WE controlled) (Note 4) 


HIGH 
IMPEDANCE 


twc 


« \\\ ELL ELL L/S 


twr 


twp 


DATA IN 


sf - 
CT omnes) 


=«————_ tow —— 


HIGH IMPEDANCE 


DATA OUT DATA UNDEFINED 


Notes: 


WE 1s high for Read Cycles. i 

Device is continuously selected, CE = Vj,. 

Addresses valid 

. If CE goes high simultaneously with WE high, the outputs remain in-the high impedance state 

Transition is measured +500 mV from low or high impedance voltage with load B. This parameter ts sampled and not 100% tested 
The operating ambient temperature range ts guaranteed with transverse air flow exceeding 400 linear feet per minute 

Duration not to exceed one second. 

A minimum of 0 5 ms time delay Is required after application of Vcc (+5V) before proper device operation is achieved 


WIUMHMHAARWNH— 
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Synertek. SY2169 


WRITE CYCLE NO. 2 (CS Controlled) (Note 4) 


nal yee eae ee ee 
esas toy 
acc eas taw Seen: wwe = 
me\ \\AANAAAN AAS PAA LIT TT 


tow omen toH 


oa CT ne) 


<— wz —+ 
| 


HIGH IMPEDANCE 


A.C. Testing Input, Output Waveform A.C. Testing Load Circuit 


15V~e— TEST POINTS 


30 pF 


(INCLUDING 
SCOPE AND 
JIG) 


INPUT OUTPUT 


AC TESTING INPUTS ARE DRIVEN AT 3 0V FOR A LOGIC 
“1 AND 0 OV FOR A LOGIC “0” TIMING MEASUREMENTS 
ARE MADE AT 2 OV FOR A LOGIC “1” AND 0.8V FOR A LOGIC 
“0” AT THE OUTPUTS THE INPUTS ARE MEASURED AT 1 5V 
INPUT RISE AND FALL TIMES ARE 5ns 


Package Availability 20 Pin Molded DIP 


Ordering Information 


Access| Operating 
Order Current | Current 


Package 
Number (Max) (Max) Type 
SYP2169-70 120 mA Molded DIP 


SYP2169-55 120 mA | 20 mA | Molded DIP 
SYP2169-45 120 mA Molded DIP 


Standby 
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Product Page 


Number Number 
SN ZIUGE 5555.4 airiacoi tet apes ow erase ee et pale ee ed ae Wh aes 2-67 
SY2392 S46 Gi ddilw Cos Reta Mee ees baw eee he re ee ane 2-70 
2599) wees heii eile eo ee ac eed Ss eh eer we ah ee ese ee eres 2-70 
no) R17. . Ga eee aE es ee ee are ee 2-73 
SVZSOS/AY 6.6 wae e wih 6 de ed cae eee Swi Oe Aare eee eS 2-76 
DY 25120 Ae fe estearts edu be oy Aes psa gem ae a hy ae ei 2-79 
DV 23256) Ac. 5 sere ety we ae eS Ge i ae ee 2-82 
Programming Instructions ........cc ccc ccc crsssccrevees 2-85 
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SY2316B 


2048 x 8 Static 
Read Only Memory 


Features 


Access Time 200/300/450 ns (max) 
2048 x 8 Bit Organization 

Single +5 Volt Supply 

Totally Static Operation 

JEDEC Approved Pinout 


Description 


The SY2316B high performance Read Only Memories are 
organized 2048 words by 8 bits with access times from 200 to 
450 ns. The ROMs are designed to be compatible with all 
microprocessor and similar applications where high perfor- 
mance, large bit storage and simple interfacing are important 
design considerations. This device offers TTL input and output 
levels with a minimum of 0.4 Volt noise immunity in conjunc- 
tion with a +5 Volt power supply. 


Pin Configuration 


—_ 
® 


oon na pwn 
ROW DECODER (1 OF 128) 


Completely TTL Compatible 

Three-State Outputs for Wire-OR Expansion 
Three Programmable Chip Selects 

Pin Compatible with 2716 EPROM 
Replacement for Two 2708s 


The SY2316B operates totally asynchronously. No clock input 
is required. The three programmable Chip Select inputs allow 
eight 16K ROMs to be OR-tied without external decoding The 
device offers three-state output buffers for memory 
expansion 


Designed to replace the 2716 EPROM, the SY2316B can 
eliminate the need to redesign printed circuit boards for 
volume mask programmed ROMs after prototyping with 
EPROMs. 


Block Diagram 


Vcc 


| 


16,384 BIT 
ROM 
CELL ARRAY 


OUTPUT BUFFERS 


CHIP SELECT 
DECODER 


O O O O O 
A7 Ag Ag A10 CS;* CS2* CS3* 


*CHIP SELECTS (CS) ARE PROGRAMMABLE LOW ACTIVE, HIGH ACTIVE, OR DON’T CARE 


Synertek. 


Absolute Maximum Ratings* 


Temperature Under Bias_ .............. -10°C to +80°C 
Storage Temperature .............04. -65°C to +150°C 
Voltage on Any Pin with 

Respect to Ground ............e eee eeee -0.5Vto+7V 
Power DiSSipatioOn ........ cece eee ee ee eee ee eees 1.0 W 


SY2316B 


Comment* 


Stresses above those listed under ‘‘Absolute Maximum Rat- 
ings’ may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in the 
operational sections of this specification 1s not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


D.C. Characteristics 


Ta = O°C to +70°C, Vec = 5.0V +5% (unless otherwise specified) 


Parameter 


Output HIGH Voltage 


VOH 


VoL Output LOW Voltage 
VIH Input HIGH Voltage 
ViL Input LOW Voltage 

Hui Input Load Current 

ILo Output Leakage Current 
Icc Power Supply Current 


A.C. Characteristics 


24 Vcc 


Test Conditions 


Vcc = 4.75V, loH = —200 LA 
0.4 Vcc = 4.75V, lo. = 2.1mA 

See Note 1 

Vcc = 5.25V, OV S Vin S 5.25V 
Chip Deselected 

Vout = +0.4V to Vcc 
Output Unloaded 

Vcc = 5.25V, Vin= Vcc 


Ta = O°C to +70°C, Vec = 5.0V £5% (unless otherwise specified) (Note 3) 


| _2316B-2 | 
Parameter | Max. 
Address Access Time 
Chip Select Delay 
Chip Deselect Delay 
Previous Data Valid After 
Address Change Delay 


tor 
tou 


Capacitance 
ta = 25°C, f = 1 OMHz, See Note 2 


Parameter 


Input Capacitance 
Output Capacitance 


Notes: 


2316B-3 


200 300 450 | Output Load: 1 TTL load 
100 130 150 | and 100 pF 
100 100 150 | Input transition time: 20 ns 
Timing reference levels: 
Input: 1.5V 
Output: 0.8V and 2.0V 


Test Conditions 


- Test Conditions 


All pins except pin under 
test tied to AC ground 


1. Input levels that swing more negative than —O 5V will be clamped and may cause damage to the device 


-2 This parameter is periodically sampled and 1s not 100% tested 


3 Aminimum O 5 ns time delay is required after application of Vcc (+5V) before proper device operation ts achieved. 


Timing Diagram 


ADDRESS 
INPUTS 


\7 


OOOO DINS TAS, 
SELECT Be BASED FPS 
INPUTS OOOO 
DATA | LOS xx 
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Ss, 
RX Ca 


‘ 
Cx 
ry 


OUTPUTS HIGH IMPEDANCE 
ZS x | 
tacc-————________-»| 


COOCOOOOC OOOO UNM 
: RK, VAUD RRR K 
SOONER 


ENABLED 


Synertek. SY2316B 


Typical Characteristics 


ACCESS TIME vs CAPACITIVE LOAD 


Q 
wr Ww 
Nec 
a | 
2 3 
re a 
2 
Vcc = 4.50V 
Ta =25°C 
1 TTL LOAD 
C. = 100pF 
0 100 200 300 400 500 600 700 
Cy. — pF 
SUPPLY CURRENT vs. AMBIENT TEMPERATURE 
: Lea 
£ 
| 
oO 
L 


0 10° 20° 30° 40° 50° 60° 70° 


Ta — AMBIENT TEMPERATURE —°C 


Programming Instructions 


All Synertek Read Only Memories (ROM) utilize computer 
aided techniques to manufacture and test custom bit 
patterns. The customer's bit pattern and address information 
can be supplied to Synertek in a number of different ways. 
Synertek can process customer inputs in EPROM, ROM, 
PROM, paper tape, and computer punched cards. Contact 
your Synertek sales representative for complete details on 
each of the various data input formats. 


Programming instructions are listed at the end of the Memory 
Section. 


2-69 


ACCESS TIME vs. SUPPLY VOLTAGE 


Qa 
LU iw 
N ¢ 
2 | 
s 3 
a ¢ 
@) 
2 
1TTL LOAD 
Cy = 100pF 
35 40 45 50 55 60 65 7.0 
Vcc — VOLTS 
SUPPLY CURRENT vs SUPPLY VOLTAGE 
at 
oles 
100 
Pa ae eae 
£ 
) = 
8 60 


See Pee 
meee 


Oo 


35 40 45 50 55 60 65 70 


Vec — VOLTS 


Package Availability 24 Pin Molded DIP 


Ordering Information 


Access Operating 
Order Time Current 
Number (Max.) (Max.) 


SYP2316B Molded DIP 
SYP2316B-2 Molded DIP 
SYP2316B-3 Molded DIP 


SY2332/SY2333 


4096 x 8 Static 
Read Only Memory 


Features 


SY2332 is 2532 EPROM Pin Compatible 
4096 x 8-Bit Organization 

Single +5 Volt Supply (£10%) 

Access Time 200/300/450 ns (max ) 
Totally Static Operation 

Completely TTL Compatible 


Description 


The SY2332 and SY2333 high performance read only memo- 
ries are organized 4096 words by 8 bits with access times 
from 200 ns to 450 ns They are designed to be compatible 
with all microprocessor and similar applications where high 
performance, large bit storage and simple interfacing are 
Important design considerations. These devices offer TTL 
Input and output levels with a minimum of O 4 Volt noise 
immunity in conjunction with a +5 Volt power supply 


Pin Configurations 


SY2333 


SY2332 


1° 1 


oon Dm MO & W ND 
Oo man DO RP W DY 


@® SY2333 is 2732 EPROM Pin Compatible 

@ Three-State Outputs for Wire-OR Expansion 
@ Two Programmable Chip Selects 

@ EPROMS Accepted as Program Data Inputs 
@ JEDEC Approved Pinouts 


The SY2332 and SY2333 operate totally asynchronously No 
clock input is required The two programmable Chip Select 
inputs allow four 32K ROMs to be OR-tied without external 
decoding Both devices offer three-state output buffers for 
memory expansion 


Designed to replace 32K EPROMs, the SY2332 and 
SY2333 can eliminate the need to redesign printed 
circuit boards for volume mask programmed ROMs after 
prototyping with EPROMs. 


Block Diagram 


Vcc 


32,768 BIT 
ROM 
CELL ARRAY 


ROW DECODER (1 of 128) 
OUTPUT BUFFERS 


*CHIP SELECTS (CS) ARE PROGRAMMABLE LOW ACTIVE, HIGH ACTIVE OR 
DON'T CARE 
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Synertek. 


Absolute Maximum Ratings* 


Temperature Under Bias_ .............. -10°C to +80° C 
Storage Temperature ................ -65°C to +150°C 
Voltage on Any Pin with 

Respect to Ground .............00000es -3.5Vtot7V 
Power DisSipation ........ ccc ccc cece ewe eee nee 1.0W 


SY2332/SY2333 


Comment* 

Stresses above those listed under ‘‘“Absolute Maximum Rat- 
ings’ may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated tn the 
operational sections of this specification 1s not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


D.C. Characteristics Ta = 0°C to +70°C, Vcc = 5.0V +10% (unless otherwise specified) 


VOH Output HIGH Voltage 2.4 
VOL Output LOW Voltage 

VIH Input HIGH Voltage 2.0 
VIL Input LOW Voltage 

| Input Load Current 

ILO Output Leakage Current 

icc Power Supply Current 


[Paramenor [Min | Max.‘ Uni 


Test Conditions 


Vcc = 4.5V, lon = -400uA 
Vcc = 4.5V, lot = 2.1 mA 


Vcc = 5.5V, OVS Vin S5.5V 
Chip Deselected 

Vout = +0.4 V to Vcc 

Output Unloaded, Chip Enabled 
Vcc = 5.5V, VIN=Vcc 


A.C. Characteristics 1, =0°C to +70°C, Vcc = 5.0V +10% (unless otherwise specified)(Note 1) 
A »¥CC | 


SY2332 
SY2333 


tacc 


Address Access Time 
tpF Chip Deselect Delay 


tOH Previous Data Valid After Address Change Delay 


Capacitance ty = 25°C, f= 1 0 MHz (Note 2) 


Input Capacitance 
Output Capacitance 


a 


SY2332-3 
SY2333-3 


Test Conditions 


All pins except pin under 
test tied to AC ground 


1 Aminimum 0 5 mstime delay !s required after application of Vcc (+5V) before proper device operation is achieved 


2 This parameter ts periodically sampled and is not 100% tested. 


Timing Diagram 


ADORESS 
INPUTS 


CHIP 
SELECT 
INPUTS 


DATA 


OUTPUTS HIGH IMPEDENCE 
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SSL 
SCOCCOOOOOES 


RX MX XX DISABLED 
S505 
VSS 


Jp) 
rod 
oc 
—) 
= 
La 
= 


Synertek, | SY2332/SY2333 


Typical Characteristics 


NORMALIZED ACCESS TIME vs. CAPACITIVE LOAD NORMALIZED ACCESS TIME vs SUPPLY VOLTAGE 


oO 

QO Q 

Z 5 

= oc 

x fe) 

iS} Zz 

2 

6 
0 100 200 300 400 500 600 700 
C. - pF Vcc - VOLTS 
NORMALIZED SUPPLY CURRENT vs. AMBIENT TEMPERATURE NORMALIZED SUPPLY CURRENT vs. SUPPLY VOLTAGE 

oO oO 

2 2 

QO Q 

WwW cen 

N N 

a a 

f{ <{ 

= = 

cc ag 

jo) oe) 

2 a 

0 10 20 30 40 50 60 £70 
Ta — AMBIENT TEMPERATURE — °C Vcc - VOLTS 
A.C. Testing Input, Output Waveform A.C. Testing Load Circuit 


2.0V 
TEST POINTS 
0.8V 


DEVICE 
UNDER 


INPUT OUTPUT TEST 


AC TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” 

AND 0.4V FOR A LOGIC “0”. TIMING MEASUREMENTS ARE C_ = 100 pF 
MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC “0”. 

INPUT PULSE RISE AND FALL TIMES ARE 5 ns. 


C, INCLUDES SCOPE AND JIG CAPACITANCE 


Programming Instructions Ordering Information 


All Synertek Read Only M ROM) util t 
ee bly Memones' puenize computer Order Access Operating Package 
Number Time Current Type 


aided techniques to manufacture and test custom bit 
patterns. The customer's bit pattern and address information 
can be supplied to Synertek in a number of different ways. SYP2332 Molded DIP 
Synertek can process customer inputs in EPROM, ROM, SYP2332-2 Molded DIP 
PROM, paper tape, and computer punched cards. Contact 
your Synertek sales representative for complete details on SYP2332-3 Molded DIP 
SYP2333 Molded DIP 
SYP2333-2 Molded DIP 
SYP2333-3 Molded DIP 


each of the various data input formats. 


Programming instructions are listed at the end of the Memory 
Secton. : 


A custom number will be assigned by Synertek. 


Package Availability 24 pin Molded DIP 
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Features 
8192 x 8 Bit Organization 
Single +5 Volt Supply 
Access Time — 200/300/450 ns (max) 
Totally Static Operation 
Completely TTL Compatible 
24 Pin JEDEC Approved Pinout 


Description 


The SY2364 and SY2364A high performance Read Only 
Memories are organized 8192 words by 8 bits with access 
times from 200 ns to 450 ns The ROMs are designed to be 
compatible with all microprocessor and similar applications 
where high performance, large bit storage and simple 
interfacing are important design considerations Both 
ROMs conform to the JEDEC approved pinout for 24 pin 
64K ROMs 


The SY2364 offers the simplest operation (no power 
down ) Its programmable chip select allows two 64K ROMs 
to be OR-tied without external decoding 


Pin Configurations 


SY2364A 


—_ 
e 


oO ON OO FP WY N 


2-73 


SY2364/SY2364A 


8192 x 8 Static 
Read Only Memory 


@ SY2364A — Automatic Power Down (CE) 
@ SY2364 — Non Power Down Version 

— Programmable Chip Select (CS) 
@ Three State Outputs for Wire-OR Expansion 
@ EPROMs Accepted as Program Data Input 
@ 2564 EPROM Compatible 


The SY2364A offers an automatic power down feature. 
Power down 1s controlled by the Chip Enable (CE) input 
When CE goes high, the device will automatically power 
down and remain in a low power standby mode as long as 
CE remains high This unique feature provides system level 
power savings as much as 90%. 


Both the SY2364 and SY2364A are pin compatible with 
the 2564 EPROM thus eliminating the need to redesign 
printed circuit boards for volume mask programmed ROMs 
after prototyping with EPROMs. 


Block Diagram 


| RGM AARAY 
(1 OF 256) (256 x 256) 


COLUMN SELECT 
CIRCUITRY 
(8 OF 256) 


— |4] POWER 
CE DOWN 
CIRCUITRY 


POWER DOWN 
OUTPUT ENABLE 


*CHIP SELECT (CS) IS PROGRAMMABLE LOW ACTIVE, HIGH ACTIVE 
OR DON'T CARE 


Synertek. 


Absolute Maximum Ratings* 


Temperature Under Bias 
Storage Temperature 


Voltage on Any Pin with 


Respect to Ground 
Power Dissipation 


eoeerererere ewe ee ee eee eee 


eevee ereeo eee 


-10°C to +80°C 
-65°C to +150°C 


1.0W 


SY2364/SY2364A 


Comment* 


Stresses above those listed under ‘Absolute Maximum 
Ratings” may cause permanent damage to the device These 
are stress ratings only Functional operation of this device at 
these or any other conditions above those indicated on the 
operational sections of this specification is not implied and 
exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


D.C. Characteristics 1, =0°C to +70°C, Veg = +5V + 10% 


Symbol 
Vou 


VoL 
Vin 


Parameter 

Output HIGH Level 
Output LOW Level 
Input HIGH Level 
Input LOW Level 


Input Leakage Current 
Output Leakage Current 
Operating Supply Current 
Standby Supply Current 
Output Short Circuit Current 


Capacitance 1,=25°C,f=10MbHz 


Symbol 
C 
Co 


Parameter 
Input Capacitance 
Output Capacitance 


| Max. | Unit | Conditions 
[Veg |_| ton = -10 mA 
po | 4 TV | ty = 3.2 mA 
S| Vee 
ee ee 


Note This parameter is periodically sampled and is not 100% tested 


A.C. Characteristics 1, =0°C to +70°C, Vec = +5V + 10% (Note 7) 


Symbol 


teyc 
LvWN 
too 


tace 
tacs 
tiz 
tuz 
teu 
tpp 


Notes: 


NOOB OND > 


Oo] 
el! es 
als 3 
om | © =| 
#2) 
Oi 4 ® 
3/ o 
Sto) = 
Q 
wo 
nN 
09) 
a 
3 
iq) 


Output Hold After Address 


Chip Enable Access Time 


Chip Select Access Time 


Ui U (?) 
slalOi2 Rg 
s/s /8/5 |= [3/3 
olc I" 
2/2) 5) 2 
sioaizt 
a] 2) nN] 
= olF 
2 CRE 

olr< 

< 


2364-2 
2364A-2 


Measured with device selected and outputs unloaded 
Applies to ‘‘A”’ versions only and measured with CE = 2 OV 
For a duration not to exceed one second 
Applies to “‘A”’ versions (power down) only __ 
Output low tmpedance delay (t,z) is measured from CE going low or CS going active 

Output high impedance delay (tz) 1s measured from CE going high or CS going inactive 

A minimum O 5 ms time delay ts required after application of Vcc (+5V) before proper device operation is achieved 


2364A-3 2364A Unit Conditions 
| Max. | Min. | Max. | Min. | Max. 
a ee 
Kd Kd a 
es [100 [150 ns 
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Synertek. SY2364/SY2364A 


Timing Diagrams 
Propagation Delay from Address (CE LOW or CS = Active) 


ADDRESS VALID ADDRESS 
INPUTS 
ae PREVIOUS DATA DATA VALID 


Propagation Delay from Chip Enable, Chip Select (Address Valid) 


(4] 
taCcE 


(6} 


ee 0.0. 0.0.0.0'0 


oY 


cat onreonne ee | tree) 
OUT LAA AN | 


Vcc CURRENT 50% 50% 


IsB 


teu 


A.C. Testing Input, Output Waveform A.C. Testing Load Circuit 


2 0V 
TEST POINTS 


08V 


INPUT OUTPUT 100pf (INCLUDING SCOPE AND JIG) 


AC TESTING: INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC “1” 
AND 0 4V FOR A LOGIC “0” TIMING MEASUREMENTS ARE 
MADE AT 2.0V FOR A LOGIC “1” AND 0 8V FOR A LOGIC “0”. 
INPUT PULSE RISE AND FALL TIMES ARE 5ns 


Figure 1. 


Programming Instructions Package Availability 24 Pin Molded DIP 


All Synertek Read Only Memories (ROM) utilize computer 
asided techniques to manufacture and test custom bit 
patterns. The customer's bit pattern and address information Ordering Information 
can be supplied to Synertek in a number of different ways. 


Synertek can process customer inputs in EPROM, ROM, Order Access | Operating | Standby | Package 
PROM, paper tape, and computer punched cards Contact Number Time Current Current Type 
your Synertek sales representative for complete details on SYP2364 Molded DIP 


each of the various data input formats SYP2364-3 | 300 ns Molded DIP 


Programming instructions are listed at the end of the Memory SYP2364-2 | 200 ns Molded DIP 
Section. 


SYP2364A | 450 ns Molded DIP 
SYP2364A-3] 300 ns Molded DIP 
SYP2364A-2] 200 ns Molded DIP 


*Not Applicable 
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SY2365/SY2365A 


8192 x 8 Static 
Read Only Memory 


Features 


@ 2764 EPROM Pin Compatible 

e 8192 x 8 Bit Organization 

e@ Single +5 Volt Supply 

e Access Time — 200/300/450 ns (max) 
@ Totally Static Operation 

e Completely TTL Compatible 

@ 28 Pin JEDEC Approved Pinout 


Description 


The SY2365 and SY 2365A high performance Read Only 
Memories are organized 8192 words by 8 bits with access 
times from 200 ns to 450 ns The ROMs are designed to be 
compatible with all microprocessor and similar applications 
where high performance, large bit storage and simple inter- 
facing are important design considerations Both ROMs 
conform to the JEDEC approved pinout for 28 pin 64K ROMs 


The SY2365 offers the simplest operation (no power 
down ) Its four programmable chip selects allow up to sixteen 
64K ROMs to be OR-tied without external decoding 


Tne SY 2365A offers an automatic power down feature 
Power down ts controlled by the Chip Enable (CE) input 
When CE goes high, the device will automatically power 
down and remain in a low power standby mode as long as CE 
remains high This unique feature provides system level 
power Savings as much as 90% An additional feature of the 
SY 2365A is the Output Enable (OE) function This 


Pin Configurations 


SY2365 SY2365A 


_ 


oOo On ON FF WY 
o wnn Om BF W NH 


@ SY2365A — Automatic Power Down (CE) 
— Output Enable Function (OE) 
— Two Programmable Chip Selects (CS) 
@ SY 2365 — Non Power Down Version 
— Four Programmable Chip Selects (CS) 
e Three State Outputs for Wire-OR Expansion 
@ EPROMs Accepted as Program Data Input 


eliminates bus contention in multiple ‘bus microprocessor 
systems. The two programmable Chip Selects (CS) allow up to 
four 64K ROMs to be OR-tied without external decoding. 


Both the SY 2365 and SY 2365A are pin compatible with 
the 2764 EPROM thus eliminating the need to redesign 
printed circuit boards for volume mask programmed ROMs 
after prototyping with EPROMs 


Block Diagram 


65,536 BIT 
ROM ARRAY 
(256 x 256) 


‘ 


POWER DOWN. 
OUTPUT ENABLE 


*CHIP SELECTS :CS: ARE PROGRAMMABLE LOW ACTIVE, HIGH ACTIVE OR 
DON’T CARE * 
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Synertek. SY2365/SY2365A 


By 
‘ 
% 


Absolute Maximum Ratings* Comment* 

Temperature Under Bias ..........-0-. -10°C to +80°C Stresses above those listed under “Absolute Maximum 

Storage Temperature ............00:. -65°C to +150°C Ratings’’ may cause permanent damage to the device. These 

Voltage on Any Pin with are stress ratings only. Functional operation of this device at 
Respect to Ground ..............ss0ee- O5Vtot7V these or any other conditions above those indicated on the 

Power Dissipation .........cccccecceueceeuecees 10W operational sections of this specification 1s not implied and 


exposure to absolute maximum rating conditions for 
extended periods may affect device reliability 


D.C. Characteristics T, =0°C to +70°C, Vcc = +5V + 10% 


Capacitance 1, =25°C, f=10MHz 


Symbol Parameter | Min. | Max. | Unit Conditions 
C\ Input Capacitance i ae ae: ae Vin = OV 
Co Output Capacitance a ea i ae Vout = OV 


Note This parameter !s periodically sampled and is not 100% tested 


A.C. Characteristics 1, =0°C to +70°C, Vcc = +5V + 10% (Note 7) 


2365-2 2365-3 
Symbol | Parameter 2365A-2 2365A-3 


Condition 


tiz Ouput LOW Z Delay 10 


85 
| 100 | 
| 85 | | 100 | 
teu | Power Up Time i Ca a 
tpp ' | Power Down Time FT 8B 


Notes: 

Measured with device selected and outputs unloaded 

Applies to “A” versions only and measured with CE = 2 OV 

For a duration not to exceed one second 

Applies to “A” versions (power down) only = __ 

Output low impedance delay (t_z) is measured from CE and OE going low and CS going active, whichever occurs last 

Output high tmpedance delay (tyz) is measured from either CE or OE going high or CS going inactive, whichever occurs first 
A minimum O 5 ms time delay ts required after application of Vcc (+5V) before proper device operation is achieved 


10 Paes ns Note 5 
Note 6 


ns Note 4 
| 
Ie ee a 


tyz Output HIGH Z Delay 


150 ns Note 4 


| Min. | Max. | Min. | Max. | Min. | Max. 
tara Address Access Time | | 200 |  ~—-| 300 | ~——s«|s 450 | n 
tou Output Hold After Address ar re i oe n 

Change 

tace — Chip Enable Access Time | = | 200 | 300 Pd 
tacs | Chip Select Access Time ar ae 100 ie ie ns 
taoe Output Enable Access Time | 85 Poa 

E210" 10 | 10 | 

oe 

Recast 


| ns | 
Note 4 
fetes] 
| ns | 
| ns 
pins | 
Ene 
Ee 


NOOR WN 
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Timing Diagrams 


Propagation Delay from Address (CE = OE = LOW, CS/CS = Active) 


ADDRESS 
INPUTS 


ae PREVIOUS DATA 


VALID DATA 


Propagation Delay from Chip Enable, Chip Select (Address Valid) 


[4] 
tACE 


eo 


MAAAAAAAARAASAAGK 


rl 


= —— 


6 
tas: } 


XEXKEER 


wae 
ee 
me: 


VALID 


on Pw 
{5] 
+——______———- tz 
aes eens 
OUT LA ASLAN 
ie —_e oe oe — oe oe 
Vcc CURRENT 50% ; 50% 


Isp 


teu 


A.C. Testing Input, Output Waveform 


2.0V 2.0V 
TEST POINTS 
0.8V 0.8V 


INPUT OUTPUT 


AC TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” 
AND 0 4V FOR A LOGIC “0”. TIMING MEASUREMENTS ARE 
MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC “0”. 
INPUT PULSE RISE AND FALL TIMES ARE 5 ns. 


Programming Instructions 


All Synertek Read Only Memories (ROM) utilize computer 
aided techniques to manufacture and test custom bit 
patterns. The customer’s bit pattern and address information 
can be supplied to Synertek in a number of different ways. 
Synertek can process customer inputs in EPROM, ROM, 
PROM, paper tape, and computer punched cards. Contact 
your Synertek sales representative for complete details on 
each of the various data input formats. 


Programming instructions are listed at the end of the Memory 
Section. 


tep ——_________ 


A.C. Testing Load Circuit 


100pf (INCLUDING SCOPE AND JIG) | 


Figure 1. 


Package Availability 28 Pin Ceramic DIP 
28 Pin Molded DIP 


Ordering Information 


Number Time | Current | Current Type 
SYP2365 | 450 ns Molded DIP 
SYP2365-3 | 300 ns Molded DIP 
SYP2365-2 | 200 ns Molded DIP 
SYP2365A | 450 ns Molded DIP 
SYP2365A-3] 300 ns Molded DIP 
SYP2365A-2] 200 ns Molded DIP 


*Not applicable 
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$Y23128/SY23128A 
16,384 x 8 Static 
keead Only Memory 


Synertek, 


PRELIMINARY 


Features 


EPROM Pin Compatible 
16,384 x 8 Bit Organization 


SY23128A Automatic Power Down (CE) 

Output Enable Function (OE) 

Single +5 Volt Supply One Programmable Chip Select (CS) 
Access Time — 200/300/450 ns (max) SY23128 — Non Power Down Version 

Totally Static Operation — Three Programmable Chip Selects 
Completely TTL Compatible Three State Outputs for Wire-OR Expansion 


28 Pin JEDEC Approved Pinout EPROMS Accepted as Program Data Input 


Description 


The SY23128 and SY23128A high performance Read Only 
Memories are organized 16,384 words by 8 bits with 
access times from 200 ns to 450 ns The ROMs are 


eliminates bus contention in multiple bus microprocessor 
systems The programmable chip select allows two 128K 
ROMs to be OR-tied without external decoding 


designed to be compatible with all microprocessor and 
similar applications where high performance, large bit 
storage and simple interfacing are important design 
considerations Both ROMs conform to the JEDEC approved 
pinout for 28 pin 128K ROMs 


Both the SY23128 and SY23128A are pin compatible with 
EPROMs thus eliminating the need to redesign printed 
circuit boards for volume mask programmed ROMs after 
prototyping with EPROMs 


The SY23128 offers the simplest operation (no power 
down ) Its three programmable chip selects allow up to 
eight 128K ROMs to be OR-tied without external decoding 


Block Diagram 


The SY23128A offers an automatic power down feature 
Power down 1s controlled by the Chip Enable (CE) input 
When CE goes high, the device will automatically power 
down and remain in a low power standby mode as long as 
CE remains high This unique feature provides system level 
power savings as much as 90% An additional feature of 
the SY23128A is the Output Enable (OE) function This 


ROW 
DECODER 
DRIVER 
(1 OF 512) 


131 072 BIT 
ROM ARRAY 
(512 x 256} 


Pin Configurations 


COLUMN SELECT 
CIRCUITRY 
(8 OF 256) 


SY23128 SY23128A 


_ 


o ON DM F&F WN 


POWER DOWN 
OUTPUT ENABLE 


*CHIP SELECTS (CS) ARE PROGRAMMABLE LOW ACTIVE, HIGH ACTIVE, OR 
DON’T CARE 
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ertek. _ S¥23128/SY23128A 


Absolute Maximum Ratings* Comment* | 

Temperature Under Bias................. —10°C to +85°C Stresses above those listed under ‘‘Absolute Maximum Rat- 

Storage Temperature.................... — 65°C to +150°C ings’’ may cause permanent damage to the device. These are 

Voltage on Any Pin with stress ratings only. Functional operation of this device at these 
Respect to Ground...............020008: —3.5Vto +7V or any other conditions above those indicated on the opera- 

Power Dissipation ........... ccc eee e eee cece eee eee 1.0W tional sections of this specification is not implied and exposure 


to absolute maximum rating conditions for extended periods 
may affect device reliability. 


D.C. Characteristics 1, = 0°C to +70°C, Veg = +5V +10% 


Capacitance Ta = 25°C, f=1.0MHz 


Parameter 
Input Capacitance 


| Max. 
me 
ia ial 


Output Capacitance 


Note: This parameter is periodically sampled and is not 100% tested 


A.C. Characteristics = Ta = 0°C to +70°C, Vcc = +5V +10% (Note 7) 


23128-2 23128-3 23128 
23128A-2 23128A-3 23128A : 
tar Address Access Time a 200 ho 300 a 450 
tou Output Hold After Address 10 10 10 ns 
Change 
TAGE Chip Enable Access Time _- 200 ae 300 Rl 450 Note 4 
at GurputEnable AccessTime | | 86 | | 100, | 150 | ns | Noted 
to | PowerDowntime ‘| | tof | 120 | | 160 | ns | Notes 
Notes: ; 
1 Measured with device selected and outputs unloaded. 
2 Applies to “A” versions only and measured with CE =2.0V. 
3. For a duration not to exceed one second with Voy7 =O0V. 
4. Applies to “A” versions (power down) only. 
5. Output low impedance delay (t, 7) is measured from CE and OE going low or CS going active, whichever occurs last. 
6. Output high impedance delay (t,,7) is measured from either CE or OE going high or CS going inactive, whichever occurs first. 
7. A minimum 0.5ms time delay is required after application of Vec (+5V) before proper device operation is achieved 


Synertek; SY23128/SY23128A 


Timing Diagrams 
Propagation Delay from Address (CE = OE = LOW, CS/CS = Active) 


ADDRESS VALID ADDRESS 
INPUTS 
eae PREVIOUS DATA VALID VALID DATA 


Propagation Delay from Chip Enable, Chip Select (Address Valid) 


[4] 
tace—__—_ 


6 
tae ] 


| 
wa YXXXKXXKXK KK 


- (MN 77 


mang 
5 
——____-——tiz 
uh ae oh a 
loc —— =— —_ —_— awn men oe 
Vcc CURRENT F 50% 50% oe 
Isp 
teu tep —_—_—_____» 
A.C. Testing Input, Output Waveform A.C. Testing Load Circuit 


2.0V 
TEST POINTS 
0.8V 


INPUT OUTPUT 100pf (INCLUDING SCOPE AND JIG) 


AC TESTING INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” 
AND 0.4V FOR A LOGIC “0”. TIMING MEASUREMENTS ARE 
MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC “0”. 
INPUT PULSE RISE AND FALL TIMES ARE 5 ns. 


Figure 1. 


Programming Instructions Package Availability 28 Pin Molded DIP 


All Synertek Read Only Memories (ROM) utilize computer 

aided techniques to manufacture and test custom bit 

patterns. The customer’s bit pattern and address information Ordering Information 
can be supplied to Synertek in a number of different ways. 
Synertek can process customer inputs in EPROM, ROM, Operating 

Number Time Current Current Type 

PROM, paper tape, and computer punched cards. Contact SYP23128 NA Molded DIP 
your Synertek sales representative for complete details on SYP23128-3 Molded DIP 
each of the various data input formats. SYP23128-2 Molded DIP 
SYP23128A Molded DIP 
SYP23128A-3 Molded DIP 
SYP23128A-2 Molded DIP 


Programming instructions are listed at the end of the Memory 
Section. 
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SY23256/SY23256A 


32,768 x 8 Static 
Read Only Memory 


Synertek. 


PRELIMINARY 


Features 


EPROM Pin Compatible 

32,768 x 8 Bit Organization 

Single +5 Volt Supply 

Access Time — 200/300/450 ns (max) 
Totally Static Operation 

Completely TTL Compatible 

28 Pin JEDEC Approved Pinout 


SY23256A— Automatic Power Down (CE) 

— Output Enable Function (OE) 
SY23256 — Non Power Down Version 

— Two Programmable Chip Selects (CS) 
Three State Outputs for Wire-OR Expansion 
EPROMs Accepted as Program Data Input 


Description 


The SY.23256 and SY23256A high performance Read 
Only Memories are organized 16,384 words by 8 bits 
with access times from 200 ns to 450 ns. The ROMs are 
designed to be compatible with all microprocessor and 


the SY23256A is the Output Enable (OE) function. This 
eliminates bus contention in multiple bus microprocessor 
systems 


Both the SY23256 and SY23256A are pin compatible 


similar applications where high performance, large bit 
storage and simple interfacing are important design 
considerations Both ROMs conform to the JEDEC approved 
pinout for 28 pin 256K ROMs 


with EPROMs, thus eliminating the need to redesign printed 
circult boards for volume mask programmed ROMs after 
prototyping with EPROMs 


The SY23256 offers the simplest operation (no power 
down ) Its two programmable Chip Selects allow up to four 


256K ROMs to be OR-tied without external decoding 


Block Diagram 


The SY23256A offers an automatic power down feature. 

Power down is controlled by the Chip Enable (CE) input oe 

When CE goes high, the device will automatically power DECODER seminar 
down and remain in a low power standby mode as long as sve 512) How ANE 
CE remains high This unique feature provides system level 


power savings as much as 90% An additional feature of 


Pin Configurations 


COLUMN SELECT 
CIRCUITRY 
{8 OF 512) 


SY23256 SY23256A 


POWER 
DOWN 
CIRCUITRY 


14) 


oO On DWN SP WY 


POWER DOWN 
OUTPUT ENABLE 


*CHIP SELECTS (CS) ARE PROGRAMMABLE LOW ACTIVE, HIGH ACTIVE, 
OR DON'T CARE 
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ertek. SY23256/SY23256A 


Absolute Maximum Ratings* Comment* 

Temperature Under Bias......... ....... — 10°C to +85°C Stresses above those listed under ‘“Absolute Maximum Rat- 

Storage Temperature................0005 — 65°C to +150°C ings’’ may cause permanent damage to the device. These are 

Voltage on Any Pin with stress ratings only. Functional operation of this device at these 
Respect to Ground... ..............0008- —3.5V to +7V or any other conditions above those indicated on the opera- 

Power Dissipation ........0. 0.0.02. c cece eee eee ees 1.0W tional sections of this specification is not implied and exposure 


to absolute maximum rating conditions for extended periods 
may affect device reliability. 


D.C. Characteristics 1, = 0°C to +70°C, Vcc = +5V +10% 


Symbol Parameter | Min. | Typ. | Max. | 
Vou Output HIGH Level 


VoL Output LOW Level so 
Via Input HIGH Level 


Input LOW Level 


Conditions 
lon = —1.0mA 
lo = 3.2 mA 


ly Input Leakage Current 
Vout = OV to Vcc 


are 
Pal 
eed 
oe 
er ee 
lLo Output Leakage Current a a a 
lec Operating Supply Current a ae Note 1 
a a: Note 2 
pees 
| Max. | 
a ee 


Isp Standby Supply Current 
m Note 3 


los Output Short Circuit Current Fl 


< 
= 
| 
w 
© 


an 


Capacitance Ta = 25°C, f=1.0MHz 


Parameter 
Input Capacitance 
Output Capacitance 


Note. This parameter ts periodically sampled and 1s not 100% tested 


A.C. Characteristics 1, = 0°C to +70°C, Vec = +5V +10% (Note 7) 


23256-2 23256-3 23256 
23256A-2 23256A-3 23256A 
ton Output Hold After Address 10 10 ns 
Change 

tro | PowerDownTime —~+| ~~ t00 | | 120 { | 160] ns | Noted 
Notes: 
1 Measured with device selected and outputs unloaded 
2 Applies to “A” versions only and measured with CE=2 0V 
3 For a duration not to exceed one second with Voy7=0V 
4 Applies to “A” versions (power down) only 
5. Output low impedance delay (t; 7) is measured from CE and OE going low or CS going active, whichever occurs last. 
6 Output high impedance delay (tz) is measured from either CE or OE going high or CS going inactive, whichever occurs first. 
7 Aminimum 0 5ms time delay is required after application of Vec (+5V) before proper device operation is achieved. 


2 


Synertek SY23256/SY23256A 


Timing Diagrams 
Propagation Delay from Address (CE = OE = LOW, CS/CS = Active) 


ADDRESS VALID ADDRESS 
INPUTS 


DATA 
OUT PREVIOUS DATA VALID VALID DATA 


Propagation Delay from Chip Enable, Chip Select (Address Valid) 


[4] 
taceE 


tuz [6] 


ce Nt va ROKK 
. ee er HE 


tus (5) a ae... ee 
a poe ey ae 
lec ——<— = os = oe oe oe 
Vcc CURRENT 50% 50% 
Isp 
A.C. Testing Input, Output Waveform A.C. Testing Load Circuit 


2.0V 
TEST POINTS 
0.8V 


INPUT OUTPUT 100pf (INCLUDING SCOPE AND JIG) 


AC TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” 
AND 0.4V FOR A LOGIC “0”. TIMING MEASUREMENTS ARE 
MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC “0” 
INPUT PULSE RISE AND FALL TIMES ARE 5ns. 


Figure 1. 


Programming Instructions Package Availability 28 Pin Moided DIP 


All Synertek Read Only Memories (ROM) utilize computer 
aided techniques to manufacture and test custom bit : . 
patterns. The customer's bit pattern and address information Ordering Information 


Synertek can process customer inputs in EPROM, ROM, Number Time Current on Type 


PROM, paper tape, and computer punched cards. Contact SYP23256 Molded DIP 
your Synertek sales representative for complete details on Sy r29 2003 MoldedOle 

; SYP23256-2 Molded DIP 
each of the various data input formats. ev eosaRen hisidcapie 
Programming instructions are listed at the end of the Memory SYP23256A-3 Molded DIP 
Section. SYP23256A-2 Molded DIP 
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All Synertek Read Only Memories utilize computer aided 
techniques to manufacture and test custom bit patterns The 
custom bit pattern and address information are supplied on 
standard 80 column computer cards tn the format described 
below 


All addresses and related output patterns must be completely 
defined Each deck of cards defining a specific ROM bit pattern 
consists of 1) four Title Cards and 2) address and bit pattern 
Data Cards Positive logic is generally used on all input cards 
a logic 1°’ ts the most positive or HIGH level, anda logic ‘‘O"' ts 
the most negative or LOW level Synertek can also accept 
ROM data in other formats, compatible with most micropro- 
cessors and PROMs Consult your Synertek representative for 
details 


Title Cards 


A set of four Title Cards should accompany each data deck 
These cards give our computer programs additional informa- 
tlon necessary to accurately produce high density ROMs. 
These four Title Cards must contain the following information 


Column Information 
First Card 1-30 Customer name 
31-50 Customer part number 
60-72 Synertek part number 
Second Card 1-30 Customer contact (name) 
31-50 Customer telephone number 
Third Card 1-6 Leave blank — pattern number to be 


assigned by Synertek 

29 CS chip select logic level (if LOW selects 
chip, punch “0”, tf HIGH selects chip, 
punch *1", if DON’T CARE, punch ‘’2”’) 


30 CS chip select logic level 
31 CS chip select logic level 
32 CS chip select logic level 
Fourth Card 1-8 Data Format Synertek, or Intel data 


card format may be used. Specify for- 
mat by punching ‘‘Synertek,”’ or “Intel” 
starting in column one 


15-28 Logic format, punch ‘POSITIVE LOGIC” 
or “NEGATIVE LOGIC ” 
35-57 Truth table verification code, punch 


either “VERIFICATION HOLD” (manu- 
facturing starts after customer approval 
of bit pattern data supplied by Synertek) 
or “VERIFICATION NOT NEEDED” (manu- 
facturing starts immediately upon re- 
ceipt of customer card deck) 


Third Card Chip Select Setups 


“For “A” version leave blank 


ra | |i _—=i eaves | sient [oswesa | 
(30 | esaress | csaess | __—+| cSa€SH | cs2r682 | 52/684 | cs9/88 | C59 
pai fesarest | esvest | _—«yesaeet | caiesi | ——_—+| es2/e83 | sae 
a2 pesvest> ip eee Pesos | | SSS~«*d 808 | eset | 


a Programming Instructions 


Synertek Data Card Format 


All addresses are coded itn decimal form (O through 2047) All 
output words are coded both tn binaryand octal forms Output 
8 (Og) 1s the MSB, and Output 1 (O;) 1s the LSB. 


Column Information 
Data Cards 1-4 Decimal address 
6-13 Output (MSB-LSB) 
15-17 Octal equivalent of output data 
22-25 Decimal! address 
27-34 Output (MSB-LSB) 
36-38 Octal equivalent of output data 
43-46 Decimal address 
48-55 Output (MSB-LSB) 
57-59 Octal equivalent of output data 
64-67 Decimal address 
69-76 Output (MSB-LSB) 
78-80 Octal equivalent of output data 


Intel Data Card Format 


Output data 1s punched as either a “P” or an “N”, a “P's 
defined as a HIGH, and an ‘‘N” ts defined asa LOW Output 8 
(Og) is the MSB and Output 1 (O;) 1s the LSB. The four Title 
Cards listed above must accompany the Intel card deck. 


Column information 
Data Cards 1-5 Punch the 5-digit decimal equivalent of 

the binary coded address which begins 
each card This is the initial input 
address The address !s right justified, 
1e 00000, 00008, 00016, etc 

7-14 Output data (MSB-LSB) for initial input 
address. 

16-23 Output data for initial input address +1 

25-32 Output data for initial input address +2. 

34-41 Output data for initial input address +3. 

43-50 Output data for initial input address +4 

52-59 Output data for initial input address +5 

61-68 Output data for initial input address +6 

70-77 Output data for initial input address +7 

79-80 ROM pattern number (may be left blank) 


Send bit pattern data to the following special address: 
Synertek — ROM 
P.O. Box 552 
Santa Clara, CA 95052 
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Intel Paper Tape Format 


The paper tape which should be used is 1” wide paper tape 
using 7 or 8 bit ASCII code, such as a model 33 ASR teletype 
produces. 


BPNF Format 


The format requirements are as follows: 

1. All word fields are to be punched in consecutive order, 
starting with word field O (all addresses low). There must 
be exactly N word fields for the N x 8 ROM organization. 

2. Each word field must begin with the start character B and 
end with the stop character F. There must be exactly 8 data 
characters between the B and F for the N x 8 organization. 
NO OTHER CHARACTERS, SUCH AS RUBOUTS, ARE 
ALLOWED ANYWHERE IN AWORD FIELD. If in preparing 
a tape, anerror is made, the entire word field, including the 
B and F must be rubbed out. Within the word field, a P 
results in a high tape level output, and an N results ina low 
level output. 

3. Preceding the first word field and following the last word 
field, there must be a leader/trailer length of at least 25 
characters. This should consist of rubout punches (letter 
key for Telex tapes) 

4. Between word fields, comments not containing Bs or Fs 
may be inserted. Carriage return and line feed characters 
should be inserted (as a “‘comment’’) just before each word 
field (or at least between every four word fields). When 
these carriage returns, etc. are inserted, the tape may be 
easily listed on the teletype for purposes of error checking. 
The customer may also find it helpful to insert the word 
number (as a comment) at least every four word fields. 

5. Included in the tape before the leader should be the custo- 
mer’s complete Telex or TWX number and if more than one 
pattern is being transmitted, the ROM pattern number. 

6. MSB and LSB are the most and least significant bit of the 
device outputs. Refer to the data sheet for the pin numbers. 


Programming Instructions (cont. ) | 


Hexadecimal Program Tape Format 


The hexadecimal tape format used by the INTELLEC 8 system 
is a Modified memory image, blocked into discrete records. 
Each record contains record length, record type, memory 
address, and checksum information in addition to data. A 
frame by frame description is as follows: 


Record mark. Signals the start of a 
record. The ASCII character colon (":”’ 
HEX 3A) is used as the record mark. 
Record length. Two ASCII characters 
representing a hexadecimal number 
in the range O to ‘FF’ (0 to 255). This is 
the count of the actual data bytes in 
the record type or checksum. A record 
length of O indicates end of file. 
Load Address. Four ASCII characters 
that represent the initial memory will 
be loaded. The first data byte is stored 
in the location pointed to by the load 
address, succeeding data bytes are 
loaded into ascending addresses. 
Record type. Two ASCII characters. 
Currently all records are type O, this 
field is reserved for future expansion. 
Data. Each 8 bit memory word is repre- 
sented by two frames containing the 
ASCII characters (O to 9, A to F) to 
represent a hexadecimal value O to 
‘FF’ (O to 255). 

Checksum. The checksum ts the nega- 
tive of the sum of all 8 bit bytes in the 
record since the record mark (°"”’) 
evaluated modulus 256. That is, if you 
add together all the 8 bit bytes, ignor- 
ing all carries out of an 8-bit sum, then 
add the checksum, the result is zero. 


Frame O 


Frames 1,2 
(0-9, A-F) 


Frames 3 to 6 


Frames 7,8 


Frames 9 to 9+2* 
(Record Length) -1 


Frames 9+2* 
(Record Length) to 
9+2* (Record 
Length) +1 


Example: If memory locations 1 through 3 contain 53F8EC, 
the format of the hex file produced when these locations are 
punched is: 


(0300010053F8ECC5 


Send bit pattern data to the following special address: 
Synertek — ROM 
P.O. Box 552 
Santa Clara, CA 95052 
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Packaging Information 


*Available second half 85 


28 Lead Surface Mounted Device * 
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SYPJ23128/A 
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Maximum Current ree Power 
Supply 
Part Number Organization | Operating ——_—| (Volts) of Pins 


SYM2148H-3 1024 x 4 95 150 aa +5 18 
SYM2148H 1024 x 4 70 150 30 +o 18 


SYM2149H-3 1024 x 4 70 150 30 +5 18 
SYM2149H 1024 x 4 70 150 30 +5 18 


SYW21602 4096 x 4 
sym2169l2] 4096 x 4 
sYM2167l2] 16,348 x 1 


SYM2128 


Military 2048 x 8 Static 


Random Access Memory 
Extended Temperature Range 


(-55°C to +125°C) 


Features 


150 nsec Maximum Access Time 
Fully Static Operation: 

No Clocks or Strobes Required 
Automatic CE Power Down 
Identical Cycle and Access Times 
Single +5V Supply (+10%) 


Description 


The Synertek SYM2128 is a 16,384 bit static 
Random Access Memory organized 2048 words 
by eight bits and is fabricated using Synertek’s 
new scaled n-channel silicon gate technology It 
is designed using fully static circuitry, therefore 
requiring no clock or refreshing to operate. The 
common data input and three-state output pins 
optimize compatibility with systems utilizing a 
bidirectional data bus 


The SYM2128 offers an automatic power down 
feature under the control of the chip enable 
(CE) input. When CE goes high, deselecting the 


Pin Configuration 


mo On DO FR W HY = 


3-3 


Pin Compatible with 2716 16K EPROM 
Totally TTL Compatible: 

All Inputs and Outputs 

Common Data Input and Output 
Three-State Output 

JEDEC Approved Pinout 


chip, the device will automatically power down 
and remain in a standby power mode as long as 
CE remains high. This feature provides signifi- 
cant system level power savings. 


The SYM2128 is configured in the JEDEC 
approved pinout for 24 pin byte organized 
memories and is pin compatible with 16K 
ROMs, EPROMs and EEPROMs. This offers the 
user the flexibility of being able to switch 
between RAM, ROM, EPROM, orEEPROMashis 
needs dictate with a minimum of board changes. 


Block Diagram 


ROW 
ADDRESS 
DECODER 

DRIVER 


16,384 BIT ARRAY 
(128 x 128) 


COLUMN 1/0 CIRCUITS 


COLUMN 
ADDRESS 
DECODER 

DRIVER 


OUTPUT ENABLE 


> 
cc 
< 
= 
—4 
= 


Synertek. 


Absolute Maximum Ratings” 
Temperature Under Bias 
Storage Temperature .............06. 
Voltage on Any Pin with 

Respect to Ground 
Power Dissipation 


-65°C to +135°C 
-65°C to 150°C 


eoecseeveveeveaeeeee 


D.C. Characteristics 


SYM2128 


Comment* are: 
Stresses above those listed under ‘‘Absolute Maximum 
Ratings’ may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated tn 
the operational sections of this specification is not implied. 


Ta = -55°C to +125°C, Vec = 5V +10% (unless otherwise specified) 


Vout = Gnd to 4.5V 
lec Power Supply Current Nea Voc = Max, CE = Vi 
Isp | Standby Current, | 80] mA | Voc'= Min to Max, CE = Vin 
Via__| Input High Vote «|= 0 |v 
Capacitance rt, = 25°C, f= 1.0 MHz 
Symbol Test | Typ. =| Max. | Unit 
COUT Output Capacitance aie a ae oF 
CIN Input Capacitance bos fe ih ee | pF. 
NOTE This parameter is periodically sampled and not 100% tested. 


A.C. Characteristics 


Ta = -55°C to +125°C, Voc = 5V +10% 


READ CYCLE 
SYM2128-4 
tz | OurputLowZTime =i | Sd Pins | (Note 
WRITE CYCLE 
i 120 | [180 [ |r 
twe | Write Pulse width ——~S~dtCP S| 


Synertek SYM2428 


Timing Diagrams 


READ CYCLE NO. 1 (NOTES 1 and 2) 


ADDRESS 


DATA OUT PREVIOUS DATA VALID DATA VALID 


r— es Te 
HIGH IMPEDANCE ; 
ccs 
t | as | Sana ea 
<< tpy ——> 
CCS ee a ee ae ae ee SS 


Vcc CURRENT 50% 50% 
Isp 


WRITE CYCLE NO. 1 (NOTE 4) 


—twe 


ADDRESS 


> 
[> = 
<x 
= 
—— 
= 


-tow = tou > 


DATA IN DATA VALID at 


I XAAAANA 


eae 
HIGH IMPEDANCE 
DATA OUT 


Notes: 

WE ts high for Read Cycles. 

Device is continuously selected, CE = OE = VIL- 

Addresses valid prior to or coincident with CE transition low. 

If CE goes high simultaneously with WE high, the outputs remain in the high impedance state. 

Transition is measured +500mV from low or high impedance voltage with load B. This parameter is sampled and not 100% tested. 


A pullup resistor to Vcc on the CE input is required to keep the device deselected: otherwise, power-on current approaches Icc 
active. 


OS EO 


Synertek, 


WRITE CYCLE NO. 2 (OE = Vj,) (NOTE 4) 


twe 


ADDRESS 


, 


tas 


SYM2128 


LTT APTS SS 


twr 


ton | 


; ae 
WE 
\ 
a ane 
onan CT ame 


+— twz 


DATA OUT 


DATA UNDEFINED 


+5V 
A.C. TEST CONDITIONS 
12500 
INPUT PULSE LEVELS 0.8 to 2.4V VOLTS 
INPUT RISE AND FALL 10 nsec Dout 
TIMES 100pF 
INPUT AND OUTPUT 15 VOLTS 7752 Eres 
TIMING REFERENCE 7G) 
LEVELS 
OUTPUT LOAD SEE LOAD A 
LOAD A 
Package Availability 


HIGH IMPEDANCE 


tow 


+5V 


12502 


Dout 


7762 5 pF 


LOAD B 


24 lead Cerdip 


24 lead Ceramic 


Ordering Information 


Access | Operating | Standby 
Current 


Current 


(Max) (Max) 


SYMD2128-3 
SYMC2128-3 
SYMD2128-4 
SYMC2128-4 
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Package 
Type 


Cerdip 
Ceramic 
Cerdip 
Ceramic 


ertek. 


ADVANCED INFORMATION 


Features 


150 ns Address Access Time 
Fully Static Operation 
Full TTL Compatibility 


Interrupt Function (INT): 
Open Drain for OR-tied Operation 


Easy Microprocessor Interface 


Description 


The Synertek SYM2130 and SYM2131 are 8192 Bit Dual 
Port Static Random Access Memories organized 1024 words 
by 8 bits They are designed using fully static circuitry and 
fabricated using Synertek’s n-channel double poly silicon gate 
technology 


The SYM2130 and SYM2131 feature two separate I/O ports 
that each allow independent access for read or write to any 
location in the memory. The only situation where conten- 
tion can occur is when both ports are active and both 
addresses match. Two modes of operation are provided for 


Pin Configuration 


Block Diagram 
R/W. 

*(CS.) CEL 

*(CS_) CEL Q 

OEL 

1/Oor 


/O7L 


*(CS_) CEL 
OEL 
RW R/Wr 


SYM2130/SYM2134 


Military 1024 x 8 Dual Port 


Random Access Memory 


Temperature Range 
(00° @ 10125" C) 


BUSY Function to Handle Contention: 
Open Drain for OR-tied Operation 


SYM2130 — Transparent Power Down (CE) 
SYM2131 — Non-Power Down (CS) 


Output Enable Function (OE) 
Both Ports Operate Independently 


this situation. In one mode, contention is ignored and both 
operations are allowed to proceed. In the other mode, on- 
chip control logic arbitrates delaying one port until the other 
port's operation is completed. A BUSY flag is sent to the 
side whose operation is delayed. BUSY ts driven out at 
speeds that allow the port’s processor to preserve its 
address and data. 


An interrupt function (INT) is also provided to allow com- 
munication between systems. This function acts like a 
writable flag When the flag’s location is written from one 


(continued next page) 


R/Wr 
CER (CSR)* 


OER 
1/Oor 


1/O7R 


COLUMN 
1/0 


CONTENTION 
INTERRUPT 
LOGIC 
CER (CSR)* 
OER 


*CS APPLIES TO SYM2131, CE APPLIES TO SYM2130 


> 
c 
<x 
= 
— 
= 


Synertek. 


side, the other side’s INT pin goes LOW until the flag loca- 
tion is read by that side. Both the BUSY and INT pins are 
open drain outputs to allow OR-tied operation. 


The SYM2130 has an automatic power down feature which 
is controlled by the Chip Enable inputs Each Chip Enacle con- 
trols automatic power-down circuitry that allows it’s 
respective side of the device to remain in a standby power 
mode. 


Pin Definitions 


CE, (19) Left Port Chip Enable When CE, goes 
HIGH, the left port of the RAM ts de- 
selected and the left port contro! circuitry 
will automatically power down and re- 
main in a standby power mode as long as 
CE, remains HIGH 


Epi!9) Right Port Chip Enable. When CER goes 
HIGH, the right port of the RAM is de- 
selected and the right port control cir- 
cultry will automatically power down and 
remain in a standby power mode as long 
as CEp remains HIGH. 


cs) Left Port Chip Select. When CS, goes 
HIGH, the left port of the RAM ts de- 
selected 

CS,Al!") Right Port Chip Select When CSp goes 
HIGH, the right port of the RAM ts de- 
selected. 

AO,-A9, Left Port Address Inputs The 10-bit field 


presented at the left port Address Inputs 
selects one of the 1024 memory locations 
to be read from or written into via the left 
port Data Input/Output Lines 


AOp-A9R Right Port Address Inputs. The 10-bit field 
presented at the right port Address Inputs 
selects one of the 1024 memory locations 
to be read from or written into via the 
right port Data Input/Output Lines 


OE, Output Enable for Left Port When OE, ts 
HIGH, the left port outputs are disabled, 
when OE, is LOW, the left port outputs 
are enabled. Also controls contention 
mode for left port 


Output Enable for Right Port When OEp 
is HIGH, the right port outputs are dis- 
abled When OEg 1s LOW, the right port 
outputs are enabled Ajiso controls con- 
tention mode for right port 


1/00,-1/07, Left Port Data Input/Output Lines. 
1/O0R-1/O7R Right Port Data Input/Output Lines 


R/W, Left Port Read/Write Enable When OE, 
is LOW and R/W, ts HIGH, data from the 
RAM location selected by the left address 
field is present at the left port Data Input/ 
Output Lines When R/W, ts LOW, data 
present on the left port Data Input/ 


ml 
m 
Ps] 


SYM2130/SYM2134 


The SYM2131 chip select (no power down) access has been 
designed to be faster than it’s address access so that the 
chip select decode time will not add to the memory’s overall 
access time This feature significantly improves system 
performance 


Output Lines 1s written into the RAM 
location selected by the left address field 
irregardless of the state of OE,. These 
operations can be affected by contention | 
(See Functional Description on page 9). 


R/We Right Port Read/Write Enable When OER 
is LOW and R/We Is HIGH, data from the 
RAM location selected by the left address 
field is present at the right port Data 
Input/Output Lines When R/W, is 
LOW, data present on the right port Data 
Input/Output Lines is written into the 
RAM location selected by the right ad- 
dress field irregardless of the state of 
OER. These operations canbe affected by 
contention (See Functional Description 
page 9). 


BUSY, (12) Left Port Busy Flag BUSY, remains HIGH 


at all times unless both ports initiate an 
operation to the same address location 
and the left port 1s operating in contention 
mode with the right port receiving priority 
When this occurs, the right port operation 
will be completed first and BUSY, will go 
LOW until the right port operation 1s com- 
pleted 


BUSY,'!2) Right Port Busy Flag BUSY», remains 
HIGH at all times unless both ports 
initiate an operation to the same address 
location and the right port 1s operating in 
contention mode with.the left port receiv- 
Ing priority When this occurs, the left 
port operation will be completed first and 
BUSYR will go LOW until the left port 
operation is completed Both BUSY, and 
BUSYR are open drain outputs allowing 
OR-tied operation 
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INT, (12) Left Port Interrupt Flag If the right port 
writes to memory location 3FE then INT, 
is latched LOW until the left port reads 
data from memory location 3FE 


INTR''2) Right Port Interrupt Flag If the left port 
writes to memory location 3FF, then 
INT 1s latched LOW until the right port 
reads data from memory location 3FF 
Both INT, and INTp are open drain 
allowing OR-tied operation 


(see page 4 for notes) 


Features 


55 ns Maximum Access 

No Clocks or Strobes Required 
Automatic CE Power Down 
Identical Cycle and Access Times 
Single +5V Supply (+10%) 


Description 


The Synertek SYM2147H is a 4096-Bit Static Random 
Access Memory organized 4096 words by 1-bit and ts fabri- 
cated using Synertek’s new N-Channel Silicon-Gate HMOS 
technology. It is designed using fully static circuitry, there- 
fore requiring no clock or refreshing to operate. Address 
set-up times are not required and the data !s read out non- 
destructively with the same polarity as the input data. 
Separate data input and output pins provide maximum 
design flexibility. The three-state output facilitates memory 
expansion by allowing the outputs to be OR-tied to other 
devices. 


Pin Configuration 


SYM2147H 


Military 4096 x 1 Static 


Random Access Memory 
Extended Temperature Range 
(-55°C to +125°C) 


Totally TTL Compatible 

All Inputs and Outputs 
Separate Data Input and Output 
High Density 18-Pin Package 
Three-State Output 


The SYM2147H offers an automatic power down feature 
Power down ts controlled by the Chip Enable input. When 
Chip Enable (CE) goes high, thus deselecting the 
SYM2147H, the device will automatically power down and 
remain tn a standby power mode as long as CE remains 
high This unique feature provides system level power sav- 
ings as much as 80% 


The SYM2147H ts packaged in an 18-pin DIP for the high- 
est possible density The device is fully TTL compatible and 
has a single +5V power supply. 


Block Diagram 


MEMORY ARRAY 
64 ROWS 
64 COLUMNS 


COLUMN 1/0 CIRCUITS 
COLUMN SELECT 
A 


Ag Aio Ait 


> 
cc 
<x 
= 
— 
= 


Synertek. SYM2147H 


Absolute Maximum Ratings“ Comment* | 
Temperature Under Bias ............. -65°C to +135°C Stresses above those listed under “Absolute Maximum 
Storage Temperature ............000- -65°C to +150°C Ratings” may cause permanent damage to the device. This 
Voltage on Any Pin with is a stress rating only and functional operation of the device 
Respect to Ground (under bias) ......... -35Vtot7V at these or at any other condition above those indicated in 
Power Dissipation ......cccccsseeccceuceseunees 1.2W the operational sections of this specification is not implied. 


D.C. Characteristics 1, = -55°C to +125°C, Vcc = 5V + 10% (Unless otherwise specified) (Note 8) 


M2147H-3 


Symbol Parameter Conditions 


Vec = Max, VIN = Gnd to Vec 


CS = Vin. Vcc = Max 
Vout = Gndto45V ; 


li Input Load Current (All input pins) 
ILo Output Leakage Current 


ed 
Pe 
lec Power Supply Current | | 140 | mA] Ta = 28°C Vcc = Max, CS = Vi 
Isp Standby Current Ff 80 | mA | Voc = Min to Max, CS = Vin 
Ipo | Peak Power-on Current (Note 9) 50 mA | Vec = Gnd to Vec Min 
CS = Lower of Vcc or Vi Min 
Vi___|_Tnput High Voltage Fa el TO 
VOL Output Low Voltage ee es eS lol =8 mA 
VOH Output High Voltage ee ens eae Se lon =-40mA 
Capacitance Ta = 25°C, f = 1.0 MHz NOTE _ This parameter ts periodically sampled and not 100% tested. | 
CIN Input Capacitance Re aun sl 5 pF 


A.C. Test Conditions T, = -55°C to +125°C, Vcc = 5V + 10% (Unless otherwise specified) (Note 8) 


READ CYCLE 
Symbol| Parameter | Min. | Max. | Min. | Max. | Conditions 
iz ___| ChiwEnabledto Outputintowz | 10 |_| 10 |_| ns | Now? 


WRITE CYCLE 


twec Write Cycle Time Ls ae 

tcw Chip Enabled to End of Write = Ss ae ee 
aa ee 
ae 


—) 
i?) 


tAW Address Valid to End of Write 


tas Address Setup Time | 0 | 


>) 


= 3; 5 
wn nTrw nin 


twp Write Pulse Width | 35 | | 40 

twp Write Recovery Time a hee eae ns 

tow Data Valid to End of Write ie - ee eee n 

toH Data Hold Time | 10 | =| 10 | ns 

twz Write Enabled to Output in High Z ae ee a ee ns Note 7 
tow Output Active from End of Write oe hee eee eee ns Note 7 
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Synertek. SYM2147H 


Timing Diagrams 


READ CYCLE NO. 1 (NOTES 3 AND 4) 


ADDRESS 


DATA OUT PREVIOUS DATA VALID DATA VALID 


— ty2 
tLz 


HIGH IMPEDANCE \7_ VJ HIGH 
DATA OUT DATA VALID 
(\_L\ IMPEDANCE 


Vec loc 
SUPPLY 
CURRENT '!sg 


WRITE CYCLE NO. 1 (WE CONTROLLED) (NOTE 6) 


ADDRESS 
> 
= on 
< 
= 
= 
a = 
CS 
WE 
DATA IN 
HIGH IMPEDANCE 
DATA OUT DATA UNDEFINED 
NOTES 
1. Chip disabled for greater than 55ns prior to selection 
2  Chipdisabled for a finite time that is less than 55ns prior to selection (If the deselect time is Ons, the chip ts by definition selected and access 


occurs according to Read Cycle No 1 ) 

WE 1s high for Read Cycles 

Device ts continuously selected, CE = VIL 

Addresses valid prior to or coincident with CE transition low 

If CE goes high simultaneously with WE high, the outputs remain in the high impedance state 

Transition is measured +500mV from low or high 1mpedance voltage with load B This parameter is sampled and not 100% tested 
The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute 


A pullup resistor to Vcc on the CE input is required to keep the device deselected otherwise, power-on current approaches Icc active 
A minimum of 0 5 ms time delay is required after application of Vcc (+5V) before proper device operation is achieved 


OOMONAMAW 


—_ 
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- $YM2147H 


ADDRESS 


taw = 


“— 


SV ANN ee iy | 


DATA OUT DATA UNDEFINED 


A.C. Testing Input, Output Waveform 


1.5V<— TEST POINTS 


INPUT OUTPUT 


A.C. TESTING: INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC 
“1” AND 0.0V FOR A LOGIC “0”. TIMING MEASUREMENTS 
ARE MADE AT 2 OV FOR A LOGIC “1” AND 0.8V FOR A LOGIC 
“O" AT THE OUTPUTS. THE INPUTS ARE MEASURED AT 1.5V 
INPUT RISE AND FALL TIMES ARE 5ns. 


tow i aa toy 
a DATA VALID 


HIGH IMPEDANCE 


A.C. Testing Load Circuit 


30 pF 
(INCLUDING 
SCOPE AND 
JIG) 


Package Availability 18 pin Cerdip 


18 Pin Ceramic 
18 Pin Leadless Chip Carrier 


Ordering Information 


Order 
Number 


SYMC2147H-3 

SYMD2147H-3 

SYMF2147H-3 
SYMC2147H 
SYMD2147H 
SYMF2147H 


Operating | Standby 
Current Current | Package 
(Max.) (Max.) Type 


Ceramic 
Cerdip 
Flatpak 

Ceramic 
Cerdip 
Flatpak 


Features 


55ns Maximum Access 

No Clocks or Strobes Requtred 
Automatic CE Power Down 
Identical Cycle and Access Times 
Single +5V Supply (+10%) 


Description 


The Synertek SYM2148H is a 4096-Bit Static Random 
Access Memory organized 1024 words by 4 bits and ts fab- 
ricated using Synertek’s new N-Channel Stlicon-Gate 
HMOS technology It is designed using fully static circuttry, 
therefore requiring no clock or refreshing to operate 
Address set-up times are not required and the data is read 
out non-destructively with the same polarity as the input 
data Common data input and output pins provide maximum 
design flexiblity The three-state output facilitates memory 
expansion by allowing the outputs to be OR-tied to other 
devices 


SYM2148H 


Military 1024 x 4 Static 


Random Access Memory 
Extended Temperature Range 
(-55°C to +125°C) 


Industry Standard 2114 Pinout 

Totally TTL Compatible All Inputs and Outputs 
Common Data Input and Output 

High Density 18-Pin Package 

Three-State Output 


The SYM2148H offers an automatic power down feature 
Power down !s controlled by the Chip Enable input When 
Chip Enable (CE) goes high, thus deselecting the SY2148H, 
the device will automatically power down and remain tn a 
standby power mode as long as CE remains high This unt- 
que feature provides system level power savings aS much 
as 85% 


The SYM2148H ts packaged tn an 18-pin DIP for the high- 
est possible density The device is fully TTL compatible and 
has a single +5V power supply. 


Pin Configuration Block Diagram 
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> am 
> am 
| MEMORY ARRAY 


ROW 64 ROWS 
SS SELECT 64 COLUMNS 


a 


COLUMN 1/0 CIRCUITS 


COLUMN SELECT 


MILITARY 


Synertek. 


Absolute Maximum Ratings” 


SYM2148H 


Comment* 


Temperature Under Bias ............. -65°C to +135°C Stresses above those listed under “Absolute Maximum Rat- 
Storage Temperature ................ -65°C to +150°C ings’ may cause permanent damage to the device. This is a 
Voltage on Any Pin with stress rating only and functional operation of the device at 

Respect to Ground (under bias) ......... -35Vto+7V these or at any other condition above those indicated in the 
Power Dissipation ........ccceccececcecccueees 1.0W operational sections of this specification is not implied. 


D.C. Characterisitcs 


Sy mbol Parameter 


Nt Input Load Current (All input pins) 
'Lo| Output Leakage Current 


Icc Power Supply Current 


Standby Current 


IPo Peak Power-on Current (Note 9) 


VIL Input Low Voltage 


Ta =-55°C to +125 °C, Voc = 5V + 10% (Unless otherwise specified) (note 8) 


Condition 


> 


Vcc = Max, Vin = Gnd to Vcc 
CS = Vin, Vec = Max 
VouT = Gnd to 4.5V 


mA |TA=25°C | Vcc =Max;CS= Vit 
mA Ta =-55°C Outputs Open 


mA Vcc = Min to Max, CS = Viy4 
Vcc = Gnd to Vc¢ Min 


—_ 


3 


Oo 


eI 


3 


CS = Lower of Vcc or VjH.Min- 


-3.0 
VIH Input High Voltage 
VOL Output Low Voltage lol =8mA 
VOH Output High Voltage 4 IOH =-4mMA 


a 
w 
N N 
x = 


(ey) 


te ‘ Re 


Capacitance Ta = 25°C, f = 1.0 MHz NOTE This parameter ts periodically sampled and not 100% tested. 
Symbol Test Typ. Unit 
COUT Output Capacitance 


CIN Input Capacitance 


A.C. Characteristics 


READ CYCLE 

iz | Chip Enabied io Outputintow2 | 10 | 10] | Nowe? 
WRITE CYCLE 

we _[WaeGeietme sd TCT OCS 
‘cw | ChpEnabledtoendofwree «| sof «STC 

raw | Adtrers ValdioEndatwrie—~+{ sof Cd CS 

iw | Write Pulse wath ————SSSCSC~SC SS 

wa | WrteRecoveryTme ——=~SC~is Sst | SSCdT Cd 

tow | DataValdto End otwate SSCS Cd 


(See following page for notes) 
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pF 


pF 


Ta = -55°C to +125°C, Voc = 5V + 10% (Unless otherwise specified) (note 8) 


Synertek. SYM2148H 


Timing Diagrams 


READ CYCLE NO. 1 (NOTES 3 AND 4) 


trc 


ADDRESS 


DATA OUT PREVIOUS DATA VALID DATA VALID 


READ CYCLE NO. 2 (NOTES 3AND 5) 


tacE 
le tz 
tL2 


HIGH IMPEDANCE \/ \ HIGH 
DATA OUT DATA VALID 
(\. £\ IMPEDANCE 


r+—— tep 


Vec lcc-- —- —---- = 
SUPPLY 
CURRENT 'sp 


WRITE CYCLE NO. 1 (WE CONTROLLED) (NOTE 6) 


twe — 


> 
ce 
<= 
a 
= 
= 


CE \\ ELL LLL LL 
‘aw ae 


DATA IN 


«—-—— tow -— 


HIGH IMPEDANCE 


DATA OUT DATA UNDEFINED 


NOTES 1 Chip disabled for greater than 55ns prior to selection 
2 Chip disabled for a finite time that ts less than 55 ns prior to selection (If the deselect time is Ons, the chip ts by definition selected and 
access occurs according to Read Cycle No 1 ) 

3 WEis high for Read Cycles 

4 Device is continuously selected, CE = Vit 

5 Addresses valid prior to or coincident with CE transition low 

6 If CE goes high simultaneously with WE high, the outputs remain in the high impedance state 

7 Transition is measured t500mV from tow or high tmpedance voltage with load B This parameter is sampled and not 100% tested 

8 The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute 

9 Apullup resistor to Vcc on the CE input is required to keep the device deselected. otherwise, power-on current approaches Icc active 
TO Aminimum of 0 5 ms time delay is required after application of VCC (+5V) before proper device operation Is achieved 
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ADDRESS 


A AANAAAAAA 5 ALITI ST II 7 


ie tow ———>+<— too 
. | DATA VALID 


DATA IN 


HIGH IMPEDANCE 
DATA OUT DATA UNDEFINED 


A.C. Testing Input, Output Waveform A.C. Testing Load Circuit 


1.5V<— TEST POINTS 


30 pF 
INPUT OUTPUT (INCLUDING 
SCOPE AND 
JIG) 


A.C. TESTING: INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC 
“1” AND 0.0V FOR A LOGIC “0”. TIMING MEASUREMENTS 
ARE MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC 
“0” AT THE OUTPUTS. THE INPUTS ARE MEASURED AT 1.5V. 
INPUT RISE AND FALL TIMES ARE 5 ns. 


Package Availability Ordering Information 


Access| Operating 
18 Pin Cerdip Order Current 


: . N b Max. 
18 Pin Ceramic umber (Max.) 
SYMC2148H-3 


SYMD2148H-3 
SYMC2148H 30.mA | Ceramic 
SYMD2148H 30 mA . 


SYM2149H 


Military 1024 x 4 Static 


Random Access Memory 
Extended Temperature Range 


(-55°C to +125°C) 


Features 


55 ns Maximum Address Access 

Fully Static Operation: 

No Clocks or Strobes Required 

Fast Chip Select Access Time: 25 ns Max. 
Identical Cycle and Access Times 

Single +5V Supply (+10%) 


Description 


The Synertek SYM2149H ts a 4096-Bit Static Random 
Access Memory organized 1024 words by 4-bits and ts fab- 
ricated using Synertek’s new N-Channel Silicon-Gate 
HMOS technology. It is designed using fully static circuitry, 
therefore requiring no clock or refreshing to operate 
Address set-up times are not required and the data is read 
out non-destructively with the same polarity as the input 
data Common data input and output pins provide maximum 
design flexibility The three-state output facilitates memory 
expansion by allowing the outputs to be OR-tied to other 
devices 


Industry Standard 2114 Pinout 
Totally TTL Compatible: 

All Inputs and Outputs 

Common Data Input and Outputs 
High Density 18-Pin Package 
Three-State Output 


The SYM2149H offers a chip select access that is faster 
than address access. In a typical application, the address 
access begins as soon as the address Is valid. At this time, 
the high order addresses are decoded and the desired 
memory ts then selected. With the faster chip select access, 
the decode time will not add to the overall access time thus 
significantly improving system performance 


The SYM2149H ts packaged in an 18-pin DIP for the high- 
est possible density. The device ts fully TTL compatible and 
has a single +5V power supply. 


Block Diagram 


Pin Configuration 


> am 
> ae 
ae | MEMORY ARRAY 


ROW 
64 ROWS 
SS SELECT 64 COLUMNS 


> am 


COLUMN 1t/O CIRCUITS 
COLUMN SELECT 


> 
[ = and 
<< 
EF 
a 
a 


Synertek. SYM2149H 


Absolute Maximum Ratings* Comment* 

Temperature Under Bias_ ............. -65°C to +135°C Stresses above those listed under ‘‘Absolute Maximum 

Storage Temperature ................ -65°C to +150°C Ratings’” may cause permanent damage to the device. This 

Voltage on Any Pin with Is a stress rating only and functional operation of the device 
Respect to Ground (under bias) ......... -35Vtot7V at these or at any other condition above those indicated in 


Power Dissipation .........cccceecceccuccuccecs 10W the operational sections of this specification is not implied. 


D.C. Characterisitcs T,= -55°C to +125°C, Vcc = 5V +10% (Unless otherwise specified) (Note 6) 


Symbol Parameter | Min. | Max. | Unit | Conditions 
Noy Input Load Current (all input pins). KA | Vcc = Max, Vin = Gnd to Vcc 
ILo Output Leakage Current pA | CS= VIH, Vcc = Max 


VouT= Gnd to 4.5V 


Icc Power Supply Current | 130 Vcc = Max, CS = Vi, 
Vou | Output Low Voltage ———SSSS*dSS*YS | = Bm 
Vou | OutputHigh Voitags——SSCSC~idCSC‘a A 


Capacitance tT, = 25°C, f= 1.0 MHz 


NOTE: This parameter is periodically sampled and not 100% tested. 


A.C. Characteristics T, =-55°C to +125°C, Vcc = 5V + 10% (Unless otherwise specified) (Note 6) 


READ CYCLE 
| m2iaon-s | M249 
[ns 


Unit Conditions 


tacs Chip Select Access Time ae i re ee Ss 

tOH Output Hold from Address Change i a een ee ee eee Ss 

tLz Chip Selection to Output in Low Z a ae ee ae ee S Note 5 
tyz Chip Deselection to Output in High Z ae ae ee ae ee ee ee ns Note 5 

WRITE CYCLE 

we | Write Gycletime——S~—~—sS—s TSC CdS 

icw | Chip Selection tondofwate ——+| _80_| | 65 |_| vs 

aw | Address Valdtoendofwrte | 80 | {5 |_| _»s_ 

iwe | WitePulsewih ——S~—~sSC Sidi 

iwa | WnteRecoveytime ———S—S~dT | dT | Cds 

iow | Bata Veidioendotwnte +t -20-~f +t 28 ins 

iwz | Wnte Enabled to OuiputinHighZ | 0 | 20 | 0 | 26 | ns | Notes 


(See following page for notes) 


Synertek. SYM2149H 


Timing Diagrams 


READ CYCLE NO.1 (NOTES 1 AND 2) 


trc 


DATA OUT PREVIOUS DATA VALID DATA VALID 


READ CYCLE NO. 2 (NOTES 1 AND 3) 


tLz 


HIGH IMPEDANCE 
DATA OUT DATA VALID ; 
IMPEDANCE 


WRITE CYCLE NO. 1 (WE CONTROLLED) (NOTE 4) 


twc 


p 
ce 
<x 
= 
= 
=. 


se \A LLLELLL/ 


taw 
tas twp 


We YAS 
\\ 


twr 


tow eet ranas PRSE Sel E> ea ton — 


DATA VALID 


<«——— tow 


DATA IN 


HIGH IMPEDANCE 


DATA UNDEFINED 


DATA OUT 


NOTES: 1. WE is high for Read Cycles. 
2. Device is continuously selected, CS = VIL: 
3. Addresses valid. 
4. If CS goes high simultaneously with WE high, the outputs remain in the high impedance state. 
5. Transition is measured +500mV from low or high impedance voltage with load B. This parameter is 
sampled and not 100% tested. 
6. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear 
feet per minute. 
7. A minimum of 0.5 ms time delay is required after application of Vcc (+5V) before proper device operation is achieved. 
8. Duration not to exceed one minute. 
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ADORESS 


taw 


VESBESBEEe 
ce 


DATA IN 


DATA OUT DATA UNDEFINED 


A.C. Testing Input, Oufpuf Waveform 


1.5V<— TEST POINTS 


2.0V 


0.8V 


INPUT OUTPUT 


A.C. TESTING: INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC 
“1” AND 0.0V FOR A LOGIC “0”. TIMING MEASUREMENTS 
ARE MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC 
“0” AT THE OUTPUTS. THE INPUTS ARE MEASURED AT 1.5V. 
INPUT RISE AND FALL TIMES ARE 5ns. 


Package Availability 18 Pin Cerdip 
18 Pin Ceramic 


SYM 2149H 


twa 


ALL LLL LLL 


tou 


| DATA VALID 


HIGH IMPEDANCE 


A.C. Testing Load Circuit 


30 pF 
(INCLUDING 
SCOPE AND 
JIG) 


Ordering Information 


Order 
Number 
SYMC2149H-3 
SYMD2149H-3 
SYMC2149H 
SYMD2149H 


55 nsec 
55 nsec 
70 nsec 
70 nsec 
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Supply 
Current 
(Max) 


Package 
Type 
Ceramic 
Cerdip 
Ceramic 
Cerdip 


Synertek. 


PRELIMINARY INFORMATION 


Features 


55 ns Maximum Access 

No Clocks or Strobes Required 
Automatic CE Power Down 
Identical Cycle and Access Times 
Single +5V Supply 


Description 


The Synertek SYM2167 is a 16,384-bit Static Random Ac- 
cess Memory organized 16,384 words by 1-bit and is fabrica- 
ted using Synertek’s new N-channel Double Polysilicon Gate 
HMOS technology. It is designed using fully static circuitry, 
therefore requiring no clock or refreshing to operate. Address 
set-up times are not required and the data Is read out non- 
destructively with the same polarity as the input data. 
Separate data input and output pins provide maximum design 
flexibility. The three-state output facilitates memory expan- 
sion by allowing the outputs to be OR-tied to other devices 


SYM2167 
Military 16,384 x 1 Static 


Random Access Memory 
Extended Temperature Range 


(-55°C to +125°C) 


Available in Ceramic (C), Cerdip (D), Flatpack (F), and 
Leadless Chip Carrier (K) 

Totally TTL Compatible 

All inputs and Outputs 

Separate Data Input and Output 

High Density 20 Pin Package 

Three-State Output 


The SYM2167 offers an automatic power down feature. 
Power down is controlled by the Chip Enable input. When 
Chip Enable (CE) goes high, thus deselecting the SYM2167, 
the device will automatically power down and remain in a 
standby power mode aslongas CE remains high. This unique 
feature provides system level power savings as much as 80%. 


The SYM2167 is available in 20-pin DIP and 20-lead Lead- 
less Chip Carrier packages for the highest possible density. 
The device is fully TTL compatible and has a single +5 V 
power supply. 


Pin Configuration Block Diagram 


A10 
A12 
Q(DouT) 


Vss D(DIN) 


> ae 
> ae 


> == 
MEMORY ARRAY 
128 ROWS 
128 COLUMNS 
>a 


> 


COLUMN 1/O CIRCUITS 


COLUMN SELECT 


Aq As Aio Ait A12 A13 
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ertek. 


Absolute Maximum Ratings* 


Temperature Under Bias ................. —65°C to + 135°C 
Storage Temperature ................000. —65°C to + 150°C 
Voltage on Any Pin with 

Respect to Ground ..............0. eee ees —3.5Vto +7V 
Power Dissipation ......... 0.0.00 cece eee eee eee eee 1.0W 


D.C. Characteristics 


Ta 


SYM2167 


Stresses above those listed under ‘“Absolute Maximum Ratings” 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sec- 
tions of this specification is not implied. 


—55°C to +125°C, Vec = 5V + 10% (Unless otherwise specified) (Note 6) 


li___| Input Load Current (All input pins) | | 10 | WA | Voc = Max., Vin = Gnd to Voc 
Vout = Gnd to 4.5V © 
| | 150 | mA _| Ta= —55°C| Outputs Open 
Isp [Standby Current | | 80] mA | Vcc = Min. to Max., CE = Vin 
CE = Lower of Vcc or Viy Min. 
Vi____| Input Low Voltage | 3.0] 08 | VC 
Vin__|Input High Voltage | 2.0 | 60 | 
Vor___|OutputLow Voltage | | 4 || I = 16m 
Von [Output High Voltage | 24 | || to = 4m 
los__| Output Short Circuit Current (Note 8)_| -150 | 300 | mA | Vour = GND to Vcc (Note 8) 
Capacitance Ta = 25°C, f = 1.0MHz Note: This parameter ts periodically sampled and not 100% tested. 


Output Capacitance 


Input Capacitance 


A.C. Characteristics Tp 


Parameter 


Symbol 

READ CYCLE 

in 
ior 
tz 
tpp ‘Chip Deselection to Power Down Time 
WRITE CYCLE 

twe 
tow 
taw 
< 
a 


— 55°C, to + 125°C, Vec = 5V + 10% (Unless otherwise specified) (Notes 6, 9) 


2167-55 
Conditions 


=) 
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3/5 


=) 
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(See following page for notes) 
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ertek, SYM2167 


Timing Diagrams 
READ CYCLE NO. 1 (Notes 1 and 2) 


trc 


DATA OUT PREVIOUS DATA VALID DATA VALID 


READ CYCLE NO. 2 (Notes 1 and 3) 


tLz 


HIGH IMPEDANCE 
DATA OUT 


Vec lcc 
SUPPLY 
CURRENT 'sg 


WRITE CYCLE NO. 1 (WE Controlled) (Note 4) 


twce 


> 
ce 
<x 
= 
— 
= 


« \\\ ELL ALL LL 


taw 
tas twp 


twr 


~ 
CT oxmvao | 


— ——) tow —— 


HIGH IMPEDANCE 


DATA IN 


DATA OUT DATA UNDEFINED 


Notes: 

. WE is high for Read Cycles. aad 

. Device is continuously selected, CE=Vj_. __ 

Addresses valid prior to or coincident with CE transition low. 

. If CE goes high simultaneously with WE high, the outputs remain in the high impedance state. 

. Transition is measured +500 mV from low or high impedance voltage with load B. This parameter is sampled and not 100% tested. 
The operating ambient temperature range is guaranteed with transverse air flow excedding 400 linear feet per minute. 

A pullup resistor to Vcc on the CE input is required to keep the device deselected; otherwise, power-on current approaches Icc active. 
. Duration not to exceed one second. 

. Aminimum 0.5ms time delay is required after application of Vcc (+5V) before proper device operation is achieved. 


OMNOOAWN— 
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Synertek. SYM2167 


ADDRESS 


Seen? ev ener 747 
twr 


VASA A sy ae Ay yy Sy 


we tow tox 
. | DATA VALID 


DATA IN 


HIGH IMPEDANCE 
DATA OUT DATA UNDEFINED 


A.C. Testing Input, Output Waveform A.C. Testing Load Circuit 


1.5V<— TEST POINTS 
48082 


30 pF 
INPUT OUTPUT (INCLUDING 
SCOPE AND 
JIG) 


A.C. TESTING: INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC 
“1” AND 0.0V FOR A LOGIC “0”. TIMING MEASUREMENTS 
ARE MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC 
"0" AT THE OUTPUTS. THE INPUTS ARE MEASURED AT 1.5V. 
INPUT RISE AND FALL TIMES ARE 5ns 


Package Availability 20 Lead Cerdip 
20 Lead Ceramic 
20 Lead Flatpack 
20 Lead LCC 


Ordering Information 


Operating | Standby 
Order Current | Current Package 
Number (Max) (Max) Type 


SYMC2167-70 Ceramic 
SYMD2167-70 Cerdip 
SYMK2167-70 LCC 

SYMF2167-70 Flatpack 
SYMC2167-55 Ceramic 
SYMD2167-55 Cerdip 
SYMK2167-55 LCC 

SYMF2167-55 Flatpack 


3-24 


Synertek. 


PRELIMINARY INFORMATION 


Features 


55 ns Maximum Access Time 
No Clocks or Strobes Required 
Automatic CE Power Down 
Identical Cycle and Access Times 
Single +5V Supply (£10%) 


Description 


The Synertek SYM2168 is a 16,384-bit Static Random Ac- 
cess Memory organized 4096 words by 4 bits and is fabrica- 
ted using Synertek’s scaled N-channel double poly silicon 
gate technology. It is designed using fully static circuitry, 
therefore requiring no clock or refreshing to operate. Ad- 
dress set-up times are not required and the data is read out 
non-destructively with the same polarity as the input data. 
Common data input and output pins provide maximum design 
flexibility. The three-state output facilitates memory expan- 
sion by allowing the outputs to be OR-tied to other devices. 


SYM2168 
Military 4096 x 4 Static 


Random Access Memory 
Extended Temperature Range 


(-55°C to +125°C) 


Available in Ceramic (C), Cerdip (D), Flatpack (F), and 
Leadless Chip Carrier (K) 

JEDEC Standard Pinout 

TTL Compatible: Inputs and Outputs 

Common Data Input and Output 

High Density 20-Pin Package 

Three-State Output 


The SYM2168 offers an automatic power down feature. 
Power down is controlled by the Chip Enable input. When 
Chip Enable (CE) goes high, thus deselecting the SYM2168, 
the device will automatically power down and remain tn a 
standby power mode as long as CE remains high. This unique 
feature provides system level power savings as much as 85%. 


The SYM2168 Is available in 20-pin DIP and 20-lead Lead- 
less Chip Carrier packages for the highest possible density. 
The device is fully TTL compatible and has a single +5 V 
power supply. 


Pin Configuration Block Diagram 


20 PAD LCC 


A4 AB 
As VCC 


2 1 2019 


GND 1/04 


eee 
>a 
a 
> MEMORY ARRAY 


ROW 128 ROWS 
SELECT 128 COLUMNS 


COLUMN 1/0 CIRCUITS 
COLUMN SELECT 
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Absolute Maximum Ratings* 


Temperature Under Bias ................. 
Storage Temperature ..........-..-.0008. 
Voltage on Any Pin with 


Respectto Ground ...............02050- 
Power Dissipation .............0 000 e eee 


D.C. Characteristics 


Symbol Parameter 


ly Input Load Current (All input pins) 


lILo| Output Leakage Current 


lec Power Supply Current 


Standby Current 


an 
w 


SYM2168 


Comment* 


Stresses above those listed under ‘“Absolute Maximum Rat- 
ings’’ may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. 


—65°C to + 135°C 
—65°C to + 150°C 


Salahinavnn ts 1.0W 


Ta = —55°C to + 125°C, Voc = 5V + 10% (unless otherwise specified) (Note 6) 


Conditions 


| Min. | 

pf to | A | Vee = Max., Vin = Gnd to Voc 
Vout = Gnd to 4.5V 

pt 0 | mA | Ty = 28°C | Voc = Max., CE = Vip 

el Outputs Open 


lpo Peak Power-on Curent (Note 7) oe Vcc = Gnd to Vcc Min. 
CE = Lower of Vcc or Vip Min. 
VIL Input Low Voltage | -30} 08 | vi | 
Vin Input High Voltage | 20 | 60 | vi | 
VoL Output Low Voltage ae aie lo. = 8mMA 
Vou Output High Voltage | 24 | | Vv | lon= —4ma 
los Output Short Circuit Current Vout = GND to Vcc (Note 9) 


Capacitance 


Ta = 25°C, f = 1.0MHz 


Test 


Output Capacitance 


Input Capacitance 
Note: This parameter is periodically sampled and not 100% tested. 


A.C. Characteristics Ta = —55°C, to +125°C, Voc = 5V t 10% (Unless otherwise specified) (Notes 6, 8) 


| 2tes-7o | 2168-55 
sialon a | 


READ CYCLE 


tan Address Access Time ne = ol 
tou Output Hold from Address Change 


tpy Chip Selection to Power Up Time 


ae 
wt [ss fs 


me 
a 


+ 
5 
Oo 


Chip Deselection to Power Down Time 


WRITE CYCLE 
twe Write Cycle Time 


tow Chip Enabled to End of Write 
taw Address Valid to End of Write 


tas Address Setup Time 
Write Pulse Width 
twr Write Recovery Time 


tow Data Valid to End of Write 


tou Data Hold Time 


twz Write Enabled to Output in High Z 
tow Output Active from End of Write 


es 
= 
mm?) 
8 
LO | 


W 
is 
NO 
e 
a) 


ei ae aaa! 
Eee a 
ee ee ee ee 
eed a 


E 
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=) 
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(See following page for notes) 
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ertek. SYM2168 


Timing Diagrams 
READ CYCLE NO. 1 (Notes 1 and 2) 


ADDRESS 


DATA OUT PREVIOUS DATA VALID DATA VALID 


READ CYCLE NO. 2 (Notes 1 and 3) 


taceE 
Lz 


DATA OUT DATA VALID 
XY \_AN IMPEDANCE 
aes 


Vec Cj SSS SS Se 
SUPPLY 
CURRENT '!sg 


WRITE CYCLE NO. 1 (WE Controlled) (Note 4) 


twc | 
bo 
— 
tcw —o Sj 
= 
ze \\) ELL ALS LS 
ICE | \ _i\ f A 
taw Te 
tas es twp 


DATA IN 


<«—_——— tow 


HIGH IMPEDANCE 


DATA OUT DATA UNDEFINED 


NOTES 

1. WE is high for Read Cycles 

2. Device is continuously selected, CE=V,  __ 

3. Addresses valid prior to or coincident with CE transition low 

4 if CE goes high simultaneously with WE high, the outputs remain in the high impedance state. 

5. Transition ts measured +500 mV from low or high impedance voltage with load B. This parameter is sampled and not 100% tested 

6. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

7. A pullup resistor to Vcc on the CE input 1s required to keep the device deselected: otherwise, power-on current approaches lIcc active. 
8. A minimum 0.5 ms time delay !s required after application of Vcc (+5V) before proper device operation Is achieved. 
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SYM2168 


ADDRESS 


BEBE aaas. 


ia iy Say iy A iw Oy A 


DATA IN 


DATA OUT DATA UNDEFINED 


A.C. Testing Input, Output Waveform 


1.5V<— TEST POINTS 


INPUT OUTPUT 


A.C. TESTING: INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC 
“1 AND 0.0V FOR A LOGIC “0” TIMING MEASUREMENTS 
ARE MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC 
“0” AT THE OUTPUTS. THE INPUTS ARE MEASURED AT 1.5V. 
INPUT RISE AND FALL TIMES ARE 5 ns. 


Package Availability 20 Pin Ceramic 
20 Pin Cerdip 


tow 


es a toy > 


| DATA VALID 


HIGH IMPEDANCE 


A.C. Testing Load Circuit 


48082 


30 pF 
(INCLUDING 
SCOPE AND 
JIG) 


20 Pin Flatpack 
20 Lead LCC 


Ordering Information 


Operating 


Order 
Number 


SYMC2168-70, 
SYMD2168-70 
SYMF2168-70' 
SYMK2168-70 
SYMC2168-55 
SYMD2168-55 
SYMF2168-55 
SYMK2168-55 


Standby 
Current 
(Max) 


Current 
(Max) 


Package 
Type 
Ceramic 
Cerdip 
Flatpack 
LCC 
Ceramic 
Cerdip 
Flatpack 
LCC 
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Synertek. 


ADVANCED INFORMATION 


Features 


55 ns Maximum Address Access Times 
Fully Static Operation. 

No Clocks or Strobes Required 

Fast Chip Select Access Time 50 ns Max 
Identical Cycle and Access Times 

Single +5V Supply 


Description 


The Synertek SYM2169 is a 16,384-bit Static Random Ac- 
cess Memory organized 4096 words by 4 bits and is fabrica- 
ted using Synertek’s N-channel double poly silicon gate 
HMOS technology. It is designed using fully static circuitry, 
therefore requiring no clock or refreshing to operate. Ad- 
dress set-up times are not required and the data is read out 
non-destructively with the same polarity as the input data. 
Common data input and output pins provide maximum design 
flexibility. The three-state output facilitates memory expan- 
sion by allowing the outputs to be OR-tied to other devices 


As 
Ae 


A7 


20 PAD LCC 


Ag AZ 
As VCC 
2 1 2019 


GND 1/04 
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SYM2169 
Military 4096 x 4 Static 


Random Access Memory 
Extended Temperature Range 


(-55°C to +125°C) 


Available in Ceramic (C), Cerdip (D), Flatpack (F), and 
Leadless Chip Carrier (K) 
e JEDEC Standard Pinout 
TTL Compatible 
Inputs and Outputs 
Common Data Input and Outputs 
High Density 20-Pin Package 
Three-State Output 


The SYM2169 offers a chip select access that is faster than 
its address access. In atypical application, the address access 
begins as soon as the address !s valid At this time, the high 
order addresses are decoded and the desired memory !s then 
selected. With the faster chip select access, this decode time 
will not add to the overall access time thus significantly 
improving system performance 


The SYM2169 is available in 20-pin DIP and 20-lead Lead- 
less Chip Carrier packages for the highest possible density. 
The device is fully TTL compatible and has a single +5 V 
power supply. 


Pin Configuration Block Diagram 


MEMORY ARRAY 
64 ROWS 
ROW 64 COLUMNS 
SELECT 


> 
c 
<< 
— 
— 
= 


ertek. SYM2169 


Absolute Maximum Ratings* 


Comment* 
Temperature Under Bias ................. — 65°C to + 136°C Stresses above those listed under “Absolute Maximum Rat- 
Storage Temperature ..........-.....005. — 65°C to + 150°C ings’’ may cause permanent damage to the device. This is a 
Voltage on Any Pin with stress rating only and functional operation of the device at 
Respect to Ground ..........-.....e esas —3.5V to +7V these or any other conditions above those indicated in the 
Power Dissipation eat eh ea a Sele aiton’g' ar Satin Ogio cote a sb e Siem amass’ ore. ertous 1.0W operational sections of this specification isnot implied. 
D.C. Characteristics Ta = —55°C to + 125°C, Voc = 5V + 10% (Unless otherwise specified) (Note 6) 


Symbol Parameter Conditions 


|) Parameter | Min. | Max. | Units | 
lu [Input Load Current (All input pins) | | 10 || WA | Voc = Max., Vin = Gnd to Voc 
Vout = Gnd to 4.5V 
lec Power Supply Current | | t0 | mA oT = 25°C | Vec = Max., CS = Vi 
| | 180 | mA _| Ta = —55°C| Outputs Open 
Vit [Input Low Voltage | 3.0 | 0B | OV 
Vin___| Input High Voltage | 20 | BO | 
Vor___| OutputLow Voltage = | S| | I = 8mA 
Von _| OutputHigh Voltage | 4 | | ton = —4mA 
los Vout = Gnd to Vec (Note 7) 


Capacitance Ta = 25°C, f = 1.0MHz 


Symbol Test 


2 
3 


Output Capacitance 


Input Capacitance 


Note: This parameter is periodically sampled and not 100% tested. 


A.C. Characteristics Ta = —55°C, to + 125°C, Voc = 5V + 10% (Unless otherwise specified) (Notes 6, 8) 


| 2169-70 | 2169-55 
a 


READ CYCLE 


trc Read Cycle Time 


taa Address Access Time 


Leones 
a lata | ons | 

tace Chip Select Access Time ae es re 55 Is se] 
tou Output Hold from Address Change a Re ee re oe 
tiz Chip Selection to Output in Low Z oe ae a ee a 
Le 

fee al 

| ns | 

Pec 

Ee 


tuz Chip Deselection to Output in High Z =O | 30° | 0) 1 326. | 


WRITE CYCLE 


twe Write Cycle Time oe eee es 


tow Chip Selection to End of Write 
taw Address Valid to End of Write 


Pee 
| 60 
the Address Setup Time PO. 
| 60 
Eee 


= 
TU 


Write Pulse Width oe eee 
twr Write Recovery Time 5 P38 ff ons 
tow Data Valid to End of Write ae ee 
tou Data Hold Time Ee oo f Oe. Lee | 
twz Write Enabled to Output in High Z Ok. OO, Oe ob S26. ons e 
tow Output Active from End of Write PO = on 2. ll ans | 


(See following page for notes) 
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Synertek. SYM2169 


Timing Diagrams 


READ CYCLE NO. 1 (Notes 1 and 2) 


ADDRESS 


DATA OUT PREVIOUS DATA VALID DATA VALID 


READ CYCLE NO. 2 (Notes 1 and 3) 


trac 


tHz 


IMPEDANCE 


tiz 


HIGH IMPEDANCE 
paca AY 


WRITE CYCLE NO. 1 (WE controlled) (Note 4) 


twe 


> 
oc 
<< 
= 
— 
= 


« \A\ ELLELSLS LS 


twr 


tas twp 


we ae 
i\ 


- ai 
CT omavme 


tow 


DATA IN 


HIGH IMPEDANCE 


DATA OUT DATA UNDEFINED 


Notes: 

1. WEis high for Read Cycles. | 

2. Device is continuously selected, CS = Vj,. 

3. Addresses valid. —_ 

4. If CS goes high simultaneously with WE high, the outputs remain in the high impedance state. 

5. Transition is measured +500mV from low or high impedance voltage with load B. This parameter is sampled and not 100% tested. 
6. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

7. Duration not to exceed one second. 

8. A minimum 0.5ms time delay is required after application of Vcc (+5V) before proper device operation is achieved. 
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Synertek. SYM2169 


WRITE CYCLE NO. 2 (CS controlled) (Note 4) 


twe 


taw 
twr 


\AAAAAAA AA ALLL LLL L/ 


DATA IN | DATA VALID 


HIGH IMPEDANCE 
DATA OUT DATA UNDEFINED 


A.C. Testing Input, Output Waveform A.C. Testing Load Circuit 


1.5V<— TEST POINTS 
4800 


30 pF 
INPUT OUTPUT (INCLUDING 
SCOPE AND 
JIG) 


A.C. TESTING: INPUTS ARE DRIVEN AT 3.0V FOR A LOGIC 
“1” AND 0.0V FOR A LOGIC “0”. TIMING MEASUREMENTS 
ARE MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC 
“0” AT THE OUTPUTS. THE INPUTS ARE MEASURED AT 1.5V 
INPUT RISE AND FALL TIMES ARE 5 ns. 


Package Availability 20 Pin Ceramic 20 Pin Flatpack 
20 Pin Cerdip 20 Lead LCC 


Ordering Information 


Operating 
Order Current Package 
Number (Max) Type 


SYMC2169-70 Ceramic 
SYMD2169-70 Cerdip 
SYMF2169-70 Flatpack 
SYMK2169-70 LCC 

SYMC2169-55 Ceramic 
SYMD2169-55 Cerdip 
SYMF2169-55 Flatpack 
SYMK2169-55 LCC 
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2661C 


SY2661 


Enhanced Programmable 
Communications Interface 


Features 
SYNCHRONOUS OPERATION 


5 to 8-bit characters plus parity 

Single or double SYN operation 

Internal or external character synchronization 
Transparent or non-transparent mode 

Transparent mode DLE stuffing (Tx) and detection (Rx) 
Automatic SYN or DLE-SYN insertion 

SYN, DLE and DLE-SYN stripping 

Odd, even, or no parity 

Local or remote maintenance loop back mode 

Baud rate: dc to 1M bps (1X clock) 


ASYNCHRONOUS OPERATION 


5 to 8-bit characters plus parity 

1, 1% or 2 stop bits transmitted 

Odd, even, or no parity 

Parity, overrun and framing error detection 
Line break detection and generation 

False start bit detection 


Pin Configuration 


oO ON DN F&F WHY = 


15 L] TxRDY 


Automatic serial echo mode (echoplex) 

Local or remote maintenance loop back mode 
Baud rate’ dc to 1M bps (1X clock) 

— dc to 62.5K bps (16X clock) 

— dc to 15 625K bps (64X clock) 


OTHER FEATURES 


Internal or external baud rate clock 

3 baud rate sets (2661-1, -2, -3) 

16 internal rates for each set 

Double buffered transmitter and receiver 
Dynamic character length switching 

Full or half duplex operation 

TTL compatible inputs and outputs 

RxC and TxC pins are short circuit protected 
3 open drain MOS outputs can be wire-ORed 
Single 5V power supply 

No system clock required 

28-pin dual-in-line package 


Block Diagram 


DATA BUS SYN/DLE 
Do-D7 Cz DATA BUS CONTROL 


REGISTER 
REGISTER 
OPERATION DLE 
MODE 
TRANSMITTER 
REGISTER DATA 
REGISTER REGISTER 
TRANSMIT 
SHIFT 
TIMING REGISTER 
BAUD-RATE 
GENERATOR 


AND CLOCK , 
CONTROL RECEIVER 


RECEIVE- 
DATA 
HOLDING 
REGISTER 


RECEIVE 
SHIFT 
REGISTER 


MODEM 
CONTROL 
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Table 1 Baud Rate Generator Characteristics 


2661-1 (BRCLK = 4.9152 MHz) 
| MR2 Actual Frequency 
EsESREEE Baud Rate 16X Clock (Kt) Percent Error 


1 ae 
2 152 
2.4 
32 
48 
9.6 
16 8329 
19.2 
28.7438 
31.9168 
38.4 
768 
153.6 
307.2 


==—] = = O0O0O0O-- = = Oodond 
=32300-=-00-=-00-=-00 


0.7279 
0.8 
1.2 

1.7598 

2.152 
2.4 
48 
96 
19.2 
28 7438 
319168 
38.4 
76.8 
153 6 
307.2 
614.4 


Note 16X CLK ts used in asynchronous mode In synchronous mode, clock multiplier is 1X and BRG can be used only for TxC 
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Signal Descriptions 
CPU Interface 


RESET (Reset) 


A high on this input performs a master reset on the SY2661. 
This signal asynchronously terminates any device activity 
and clears the mode, command and status registers. The 
device assumes the idle state and remains there until initial- 
ized with the appropriate control words 


Ao, A; (Address 0, 1) 
Address lines used to select the internal registers. 


R/W (Read/Write) 


The direction of data transfers between the EPCi and the 
CPU is controlled by the R/W input. When CE and R/W are 
both low the contents of the selected registers will be trans- 
ferred to the data bus. With CE low and R/W high a write to 
the selected register 1s performed 


CE (Chip Enable) 


When low, the selected register will be accessed When high 
the Do-D7 lines will be placed in the high impedance state 


DBo-DB7 (Data Bus) 


An 8-bit three-state positive true data bus used to transfer 
commands, data and status between the EPCI and the CPU 


TxRDY (Transmitter Ready) 


This output is the complement of status register bit SRO 
When low, it indicates that the transmit data holding register 
(TxHR) is ready to accept a data character from the CPU. It 
goes high when the data character 1s loaded. This output Is 
valid only when the transmitter is enabled It!s an open drain 
output which can be “‘wire-ORed” to the CPU interrupt. 


RxRDY (Receiver Ready) 


This output 1s the complement of status register bit SR1 
When low, it indicates that the receive data holding register 
(RxHR) has a character ready for input to the CPU It goes 
high when the RxHR ts read by the CPU and also when the 
receiver is disabled It ts an open drain output which can be 
“wire-ORed” to the CPU interrupt line 


TxEMT/DSCHG 


This output is the complement of status register bit SR2 
When low, it indicates that the transmitter has completed 
serialization of the last character loaded by the CPU, or that a 
change of state of the DSR or DCD inputs has occurred This 
output goes high when the status register is read by the CPU 
if the TxEMT condition does not exist Otherwise, the TxHR 
must be loaded by the CPU for this line to go high It is an 
open drain output which can be “wire OR-ed” to the CPU 
interrupt line 


Transmitter/Receiver Signals 


BRCLK (Baud Rate Clock) 


Clock input to the internal baud rate generator. This ts not 
required when external receiver and transmitter clocks are 
used. 


RxC/BKDET (Receiver Clock, Break Detect) 


When the EPCI ts programmed for External Receiver Clock, 
this pin will act as an input and control the rate at which a 
character is received The frequency is programmed in Mode 
Register 1 and may be 1X, 16X or 64X the baud rate Data 
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are sampled on the rising edge. If internal Receiver Clock is 
programmed this pin will provide an output, either a 1X/16X 
clock or Break Detect signal determined by programming 
Mode Register 2 


TxC/XSYNC (Transmitter Clock/External SYNC) 


When the EPCI ts programmed for External Transmitter 
clock, this pin will act as an input and control the rate at 
which the character is transmitted The frequency ts pro- 
grammed in Mode Register 1 and may be 1X, 16X or 64X the 
baud rate Data changes on the falling edge of this clock. If 
the UPCI is programmed for Internal Transmitter clock, this 
pin can be either an output providing a 1X/16X clock or an 
input for External Synchronization determined by Mode Reg- 
ister 2 programming. 


RxD (Receive Data) 
RxD is the serial data input to the receiver. 
TxD (Transmit Data) 


TxD 1s the serial data output from the transmitter. When the 
transmitter is disabled the output will be in the high, “Mark”, 
state 


DSR (Data Set Ready) 


DSR isan input that can be used to indicate to the UPCI Data 
Set Ready or Ring Indicator. Its complement appears in the 
Status Register as bit SR7. A change of state on DSR will 
cause TxEMT/DSCHG to go low if either CRO or CR2 = 1. 


DCD (Data Carrier Detect) 


The DCD input must be low for the receiver to operate If 
DCD goes high while receiving, the RxC ts internally inhi- 
bited The complement of DCD appears in the Status 
Register as bit SR6 A change of state in DCD will cause 
TxEMT/DSCHG to go low if either CRO or CR2 = 1. 


CTS ( Clear To Send) 


The CTS input must be low for the transmitter to operate. If 
CTS goes high while transmitting, the character currently in 
the Transmit Shift Register will be transmitted before termi- 
nation TxD will then go to the high level (Mark) 


DTR (Data Terminal Ready) 


The DTR output 1s the complement of CR1 It is normally 
used to indicate Data Terminal Ready 


RTS (Request To Send) 


The RTS output is the complement of CR5. If the Transmit 
Shift Register 1s not empty when CR8 ts reset, RTS will not 
go high until one TxC after the last serial bit is transmitted. 


Functional Description 


The internal organization of the EPCI consists of six major 
blocks, (see Fig 1) These are the Transmitter, Receiver, 
Clock Control, Operation Control, Modem Control and SYN- 
/DLE Control These blocks internally communicate over 
common data and control buses The data bus is also linked 
to the CPU via a bi-directional three-state interface 


Briefly, these blocks perform the following functions: 


Transmitter 


The Transmitter receives parallel data from the CPU and 
converts it to a serial bit stream, inserting Start, Stop, and 
Parity bits, as selected by the user, and outputs a composite 
serial data stream 


oO 
Parad 
oO 
= 
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Receiver 


The Receiver accepts serial data from the sending device, 
converts it to a parallel format checking for appropriate Start, 
Stop and Parity bits and Control Characters, as selected by 
the user, and sends the assembled character to the CPU. 


Timing Control 


The Timing Control block contains a programmable Baud 
Rate Generator (BRG) which is able to accept external 
Transmit (TxC) or Receive (RxC) clocks or to divide external 
clock (BRCLK) for controlling data transfers. The BRCLK input 
allows the user to program one of 16 commonly used baud 
rates. 


Operating Control 


The Operation Control block contains four registers; Mode 
Registers 1 and 2, (MR1, MR2) the Command Register (CR) 
and Status Register (SR). These registers are used to store 
configuration and operation commands from the CPU. They 
generate the necessary internal control signals for proper 
device operation, and maintain status information for the 
CPU. 


Modem Control 


The modem control section provides interfacing for three 
input signals and three output signals used for ““handshak- 
ing’’ and status indication between the CPU and a modem 


SYN/DLE Control 


This section contains control circuitry and three 8-bit regis- 
ters storing the SYN1, SYN2, and DLE character provided by 
the CPU. These registers are used tn the synchronous mode 
of operation to provide the characters required for synchroni- 
zation, idle fill and data transparency. 


Operation 


The EPCI’s operation is determined by programming the 
Mode and Command Registers. Baud rate, asynchronous or 
synchronous communication, and SYN characters are deter- 
mined before enabling the transmitter or receiver 


Asynchronous Receiver Operation 


After the Mode Registers are configured the receiver is 
enabled when the RxEN bit in the Command Register (CR2) 
Is setto a 1 and DCD 1s low. The EPCI then monitors the RxD 
input waiting for a high to low transition If a transition ts 
detected, the RxD input is again sampled one-half bit time 
later. If RxD 1s now high, a search for a valid start bit is begun 
again If RxD ts still low a valid start bit is assumed and the 
receiver continues to sample the RxD input at one bit time 
intervals until the correct number of data bits, parity bit and 
one stop bit have been assembled. The character Is then 
transferred to the Receive Data Holding Register (RxHR); 
RxRDY in the status Register is set (SR1); the RxRDY output 
goes low. If the character length Is less than 8 bits, the high 
order unused bits tn the holding register are set to zero. The 
parity error, framing error, and overrun error status bits are 
strobed into the status register on the positive going edge of 
RxC corresponding to the received character boundry. See 
Figure 6 and 8 


If the stop bit is present, the receiver will immediately begin 
its search for the next start bit. If the stop bit is absent (fram- 
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ing error), the receiver will interpret a space bit if it persists 
into the next bit time interval. If a break condition is detected 
(RxD is low for the entire character as well as the stop bit), 
only one character consisting of all zeros (with the FE status 
bit set) will be transferred to the holding register. The RxD 
input must return to a high condition before a search for the 
next start bit begins See Figure 9 


Pin 25 can be programmed as a Break Detect (BKDET) output 
by setting both bits 4 and 7 of Mode Register 2 (MR2). When 
these bits are set and a break is detected, the BKDET output 
will go high. If RxD returns high for at least one RxD time, 
BKDET will return low. 


Synchronous Receiver Operation 


When the EPCI ts programmed for synchronous operation 
the receiver will remain idle until the receiver enable bit 
(CR2) is set. At this time the EPCl enters the hunt mode Data 
are shifted into the receive data shift register (RxSR) one bit 
at a time. The contents of RxSR are then compared to the 
contents of the SYN1 register. If the two are not equal, the 
next bit 1s shifted in and the comparison Is repeated. When 
the two registers match, the hunt mode ts terminated and 
character assembly mode begins. If single SYN operation ts 
programmed, the SYN DETECT status bit is set If double SYN 
operation Is programmed, the first character assembled after 
SYN1 must be SYN2 in order for the SYN DETECT bit to be 
set. Otherwise the EPCI returns to the hunt mode. (Note 
that the sequence SYN1-SYN1-SYN2 will not achieve 
synchronization). See Figure 6 


When synchronization has been achieved, the EPCI con- 
tinues to assemble characters and transfer them to the 
holding register, setting the RxRDY status bit and asserting 
the RxRDY output each time a character is transferred. The 
PE and OE status bits are set as appropriate. Further receipt 
of the appropriate SYN sequence sets the SYN DETECT sta- 
tus bit If the SYN stripping mode is commanded, SYN 
characters are not transferred to the holding register Note’ 
the SYN characters used to establish initial synchronization 
are not transferred to the holding register in any case 


By setting MR24 (MR2 bit 4) and MR27 = 1 pin 9 
(RxC/XSYNC) will be programmed as an external jam syn- 
chronization input When XSYNC ts selected internal SYN1, 
SYN1-SYN2 and DLE-SYN1 detection ts disabled Each posi- 
tive going signal on XSYNC will cause the receiver to 
establish synchronization on the rising edge of the next RxC 
pulse Character assembly will start with the RxD input at 
this edge. XSYNC must be lowered prior to the next rising 
edge of RxC. This external synchronization will cause the 
SYN DETECT status bit to be set until the status register Is 
read Refer to XSYNC timing diagram. 


Asynchronous Transmitter Operation 


When the EPCI is programmed to transmit the transmitter 
will remain idle until CTS is low and the TxEN bit (CRO) is set 
The EPCI will respond by setting status register (SR) bit O and 
asserting the TxRDY output When the CPU writes a charac- 
ter into the transmit data holding register (TxHR), SRO is 
reset and TxRDY returns high. The character is then trans- 
ferred to the transmit shift register (TxSR) when it 1s idle or 
has completed transmission of the previous character. SRO 
Is again set, and TxRDY goes low See Figure 7. 
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In the asynchronous mode, the transmitter automatically 
sends a Start bit followed by the programmed number of data 
bits, the least significant bit being sent first. It then appends 
an optional odd or even parity bit and the programmed 
number of stop bits If, following transmission of the data bits, 
a new character !s not available in the transmit holding regis- 
ter, the TxD output remains in the marking (high) condition 
and the TxEMT/DSCHG output and its corresponding status 
bit are asserted Transmission resumes when the CPU loads 
a new character tnto the holding register The transmitter 
can be forced to output a continuous low (BREAK) condition 
by setting CR3 


Synchronous Transmitter Operation 


When the EPCI ts initially programmed for synchronous 
transmission it will remain in the idle state (RxD high) until 
TxEN is set At this point TxD remains high, TxRDY will go 
low and both will stay in this state until the first character 
(usually a SYN character) is written into the TxHR This starts 
transmission, with TxRDY going low each time a character is 
shifted from the TxHR to the TxSR If TxRDY ts not serviced 
before the previous character ts shifted out of the TxSR, the 
TxEMT output will go low and the EPCI will automatically fill 
the pending gap with SYN1, SYN1, SYN2 doublets, or DLE- 
SYN1 doublets, depending on the state of MR6 and MR17 
Transmission will be continuous until TxEN 1s reset to O 
See Figure 7 


If the send DLE bit (CR3) 1s set, the DLE character is automat- 
ically transmitted prior to the transmission of any character 
stored in the TxHR Since this is a one time command, CR3 
does not have to be reset 


EPCI Programming 


Before data communications can be started the EPCI must be 
programmed by writing to tts mode and command registers 
Additionally, if synchronous communication has been selec- 
ted the appropriate SYN1, SYN2 and DLE registers must be 
loaded Reference the Register Addressing Table and Initiali- 
zation Flow Chart for address requirements and program- 
ming procedure 


The Register Addressing table shows MR1 and MR2 at the 
same address The EPClI has an tnternal pointer that initially 
directs the first read or write to MR1, then on the next access 
at that same address the pointer directs the operation to 
MR2 A similar sequence occurs for the SYN and DLE regis- 
ters, first SYN1 then SYN2 then DLE. If more than the 
required number of accesses are made the tnternal pointer 
resets to the first register The pointer is also reset to MR1 
and SYN1 by a RESET input or a read of the Command Regis- 
ter, but unaffected by any other read or write operation. 


Register Formats 


The register formats are summarized tn Figures 2 through 5. 
MR1 and MR2 define the general operating characteristics 
The Command Register controls the basic operation defined 
by MR1 and MR2 The Status Register indicates the EPCI 
operating status and the condition of external inputs These 
registers are cleared by a RESET input (SR6 and SR7 
excepted). 
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Mode Register 1 (MR4) 


MR11 and MR10 select the communication mode and baud 
rate multiplier Note. the multiplier in asynchronous mode 
applies only tf the external input option is selected by MR24 
and MR25 


MR13 and MR12 select Character length. Character length 
does not include the parity bit, when selected, and does not 
include the start and stop bits in asynchronous operation 


MR14, when set, selects parity A parity bit will be transmit- 
ted with each character, and a parity check will be performed 
on each character received. 


MR15 selects either odd or even parity. 


In the asynchronous mode MR16 and MR17 select the 
number of stop bits; 1, 15 or 2. If 1X baud rate ts pro- 
grammed 1.5 stop bits defaults to 1 on transmit 


In the synchronous mode MR17 controls the number of SYN 
characters used to establish synchronization, and the 
number of fill characters to be transmitted when TxRDY and 
TxEMT are O 


MR16 controls selection of the transparent mode When 
MR16 is set (transparent selected) DLE-SYN1 ts used for 
character fill and SYN detect (SR 5), but the normal syn- 
chronization sequence ts used to establish character sync 
When transmitting tn the synchronous transparent mode, a 
DLE character in the TxHR will cause a second DLE character 
to be transmitted Note: if the send DLE command (CR3) is 
active when a DLE character ts in the TxHR only one addi- 
tional DLE will be transmitted 


The bits in the mode register affecting character assembly 
and disassembly (MR12-MR16) can be changed dynamically 
(during active receive/transmit operation) The character 
mode register affects both the transmitter and receiver, 
therefore in synchronous mode, changes should be made 
only in half duplex mode (RxEN = 1 or TxEN = 1, but not both 
simultaneously = 1) In asynchronous mode, character 
changes should be made when RxEN and TxEN =O or when 
TXEN = 1 and the transmitter is marking in half duplex mode 
(RxEN =O) 

To effect assembly/disassembly of the next recetved/trans- 
mitted character, MR12-15 must be changed within n bit 
times of the active going state of RxRDY/TxRDY. Transparent 
and non-transparent mode changes (MR16) must occur 
within n-1 bit times of the character to be affected when the 
receiver or transmitter is active (n = smaller of the new and 
old character lengths ) 


Mode Register 2 (MR2) 


MR20 through MR23 select the internal Baud Rate Genera- 
tor (BRG) There are sixteen selectable rates for each version 
as outlined in Table 1. 

MR24 through MR27 define the receive and transmit clock 
source and the function of pins 9 and 25. Reference Figure 3 
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Table 2 SY2661 Register Addressing 


Three-state Data Bus 

Read Receive Holding Register (RxHR) 
Write Transmit Holding Register (TxHR) 
Read Status Register (SR) 

Write SYN1/SYN2/DLE Registers 

Read Mode Registers (MR1, MR1/MR2) 
Write Mode Registers (MR1, MR1/MR2) 
Read Command Register 

Write Command Register 
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EPCI Initialization Flow Chart 
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Figure 2. Mode Register 1 
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Figure 3. Mode Register 2 


Command Register (CR) 


CRO (TxEN) will enable or disable the transmitter When 
TxEN = 0, TxD, TxRDY and TxEMT are all high, the transmit- 
ter is disabled When TxEN goes active, TxRDY will go low 
requesting the first character to be written to the TxHR, and 
the TxD output will be enabled to transmit When TxEN goes 
Inactive, the UPCI will complete transmission of any charac- 


ter stillin the TxSR TxD will then go to the marking state and 
TxRDY and TxEMT will go high. Refer to Transmit timing 
diagram 

CR1 controls the DTR output. The DTR output 1s a logical 
complement of CR1 

CR2 (RxEN) will enable or disable the receiver. When RxEN = 
O, the receiver ts in an tdle mode with RxRDY high. A O to 1 
transition of RxEN will initiate a start bit search in asynchro- 
nous mode or initiate the hunt mode in synchronous 
transmission A 1 toO transition of RxEN immediately termi- 
nates receiver operation 


In the asynchronous mode setting CR3 will force the TxD 
output low (break condition) at the end of the current trans- 
mitted character TxD will then remain low until CR3 is 
cleared; at that trme TxD will go high for a minimum 1 bit 
time before resuming normal transmission. 


In the synchronous mode setting CR3 will force the trans- 
mission of the DLE character prior to sending the character 
in the TxHR Because this is a one-time command, bit 3 will 
automatically reset. 

CR5 controls the state of the RTS output. When CR5 = 1, 
RTS will go low and the transmit logic will be enabled. A 1 to 
O transition of CR5 will cause RTS to go high one TxC time 
after the last serial bit 1s transmitted, (if the TxSR was not 
already empty) 

CR7 and CR6 provide four alternate modes of operation in 
both synchronous and asynchronous operation When both 
bits are O normal operation ts selected 


In the asynchronous mode, when only CR6 ts set automatic 
echo mode is selected Clocked, regenerated received data 
are automatically directed to the TxD line while normal 
receiver operation continues The receiver must be enabled 
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(CR2 = 1), but the transmitter need not be enabled. CPU to 
receiver communications continues normally, but the CPU to 
transmitter link is disabled. Only the first character of a break 
condition is echoed. The TxD output will go high until the 
next valid start is detected. The following conditions are true 
while in automatic echo mode: 


1. Data assembled by the receiver are automatically placed 
in the transmit holding register and retransmitted by the 
transmitter on the TxD output. 

Transmit clock = receive clock. 

TxRDY output = 1. 

The TxEMT/DSCHG pin will reflect only the data set 
change condition. 

5. The TxEN command (CRO) Is ignored. 


In the synchronous mode, when only CR6 Its set automatic 
SYN/DLE stripping is performed. The state of MR17 and 
MR16 controls which characters are stripped. Reference 
Figure 6 for a detailed example of the characters stripped. 
Note’ automatic stripping does not affect setting of the SYN 
and DLE detect status bits. 

Two diagnostic modes are achievable in both synchronous 
and asynchronous operation; local loop back with CR7 = 1 
and CR6 = 0, and remote loopback with both bits = 1. 


2: 
3. 
4. 


Local Loop Back 


. The transmitter output is connected to the receiver input 
. DTR 1s connected to DCD and RTS ts connected to CTS. 
. Transmit clock is connected to the receive clock. 

The DTR, RTS and TxD outputs are held high. 

The CTS, DCD, DSR and RxD inputs are ignored. 


ahoaND — 


Note: CR bits O, 1 and 5 must be set, CR2 is a don’t care. 


SYNC SYN AND/OR 
[s [RTs 


OPERATING Tt ete eee cred eas 
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ENABLE TRANSMITTER 


i ae 
0 [0 [NORMAL OPERATION | 
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TRANSMITTED 


RESETS SR BITS 
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Remote Loop Back 


1. Data assembled by the receiver are automatically placed 

in the transmit holding register and retransmitted by the 

transmitter on the TxD output. 

. Receive clock is connected to the transmit clock. 

. No data are sent to the local CPU, but the error status 
conditions (PE, OE, FE) are set. 

. The RxRDY, TxRDY, and TxXEMT/DSCHG outputs are held 
high 

. CR1 (TxEN) is ignored. 

. All other signals operate normally. 


GW Nh 


Status Register 


SRO is the transmitter ready (TxRDY) status, it is the logical 
complement of the TxRDY output. This bit indicates the state 
of the TxHR when the transmitter is enabled (TxEN = 1). AO 
indicates TxHR is full, a 1 indicates TxHR ts empty and 
requires servicing by the CPU. This bit is cleared by writing to 
TxHR or by disabling the transmitter (TxEN = 0). Note: SRO is 
not set in either the auto echo or remote loop back modes. 


SR1 is the receiver ready (RxRDY) status, it 1s the logical 
complement of the RxRDY output. This bit indicates the state 
of the RxHR when the receiver is enabled (RxEN = 1). AO 
indicates the RxHR 1s empty, a 1 indicates the RxHR is full 
and requires servicing by the CPU. This bit is cleared by 
writing to the TxHR or by disabling the receiver. (RxEN = 0). 

SR2 indicates a change of state of either DSR or DCD or that 
the TxSR 1s empty. This bit is the logical complement of the 
TxEMT/DSCHG output. A read of the status register will 
clear bit 2 1f a state change on DSR or DCD has occurred. If a 
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Figure 4. Command Register 
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second successive read of the status register indicates bit 2 
= 0, then DCD or DSR changed If bit 2 Is still set, then the 
TxSR 1s empty. Because the transmitter does not start until 
the first character has been written to the TxHR, TxEMT sta- 
tus will not be reflected until transmission of the first 
character is complete, TxEMT status is cleared by writing to 
the TxHR or disabling the transmitter. Note. TxEMT status 
will be set in synchronous mode even though “ill’’ charac- 
ters are being transmitted 


SR3 when set reflects a parity error when parity checking is 
enabled in both the synchronous and asynchronous modes 
In the synchronous transparent mode, (MR16 = 1) and the 
parity enable bit (MR14) is O, SR3 will then indicate DLE 
detect when set This indicates that a character matching 
DLE register was received and the present character !s 
neither SYN1 nor DLE This bit is cleared when the next 
character following the above sequence !s loaded into the 
RxHR, when the receiver is disabled or by a reset error 
command. 
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SR4 indicates an overrun error when set An overrun condi- 
tion exists when the CPU does not read the RxHR before the 
next received character is transferred to it. (The previous 
character is lost.) SR4 1s cleared by the reset error command 
and when the receiver is disabled 


In the asynchronous mode SR65 indicates that the received 
character was not framed by a stop bit. If the RxHR ts all O’s 
when bit 5 is set, a break condition was present. In synchro- 
nous non-transparent mode, it indicates receipt of the SYN1 
character in single SYN mode or the SYN1-SYN2 pair tn 
double SYN mode In synchronous transparent mode this bit 
is set upon detection of the initial synchronizing characters 
(SYN1 or SYN1-SYN2) and after synchronization has been 
achieved, when a DLE-SYN1 pair ts received. The bit is reset 
when the receiver is disabled, when the reset error com- 
mand is given in asynchronous mode, and when the status 
register is read by the CPU tn the synchronous mode 

SR6 and SR7 reflect the condition of the DCD and DSR 


inputs respectively. Their state is the logical complement of 
their respective inputs 


WHEN SET (= 1) THESE BITS INDICATE 
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Figure 5. Status Register 
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Absolute Maximum Ratings* Comment* 

All inputs contain protection circuitry to prevent damage to high 
| Rating Symbol | Allowable Range static charges Care should be exercised to prevent unnecessary 

Supply Voltage —0.3V to +7.0V application of voltages in excess of the allowable limits 
Input/Output Voltage —0.3V to +7 OV Stresses above those listed under “Absolute Maximum Ratings” 
” may cause permanent damage to the device This is a stress rating 
Operating Temperature O°C to 70°C only and functional operation of the device at these or any other 
Storage Temperature —55°C to 150°C conditions above those indicated in the operational sections of this 


specification is not implied 


D.C. Characteristics Veco = 5.0V + 5%, Tp = 0-70°C, unless otherwise noted 


Input High Voltage VIH 


Input Leakage Current 

VIN = O to 5.5V IN 
Input Leakage Current for High 
Impedance State ITS! 


Output Low Voltage: ILQAD = 2.2 mA 


Output Capacitance 


Power Dissipation (Veg = 5.25V) 


Receiver/Transmitter Signal Timing 


Clocks Transmit Timing 
Tasty —> TRL 1.16 OR 64 CLOCKS ———____> 
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Note 
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TxC or RxC frea. 
BRCLK HIGH 

BRCLK LOW 

BRCLK frea. [1] 

RxD SETUP 

RxD HOLD 

TxD DELAY FROM TxC 
Cy = 150 pF 

SKEW TxD vs TxC 

C, = 150 pF 


RxC (1X) 
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Read/Write Timing Characteristics 
Vcc = 5 0V + 5%, Ty =0-70°C, unless otherwise noted 
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Table 3. Effect of MR17 and MR16 on Character Fill and Character Stripping (Synchronous Mode) 
Character(s) 


Synchronizing 

Sequence Character Fill Stripped CR7 = 0, CR6 = 1 
Normal SYN1-SYN2(1) 
Single SYN SYN1 SYN1 SYN1!1) 
Normal 


SYN1-SYN2 DLE-SYN1 DLE-SYN1f") 


SYN1-SYN2I1] (Only Initial Synchronizing 
SYN1 DLE-SYN1 
Note 


Sequence) 
DLE (also Sets SR3 tf Parity Disabled and 
1 Symbol indicates SYN DET status set upon detection of initial synchronizing characters and after SYNC has been achieved by detection of a 
DLE-SYN1 pair 


it is not Following a DLE or SYN1) 

In a DLE-DLE Sequence Only the First DLE 
is Stripped 

DLE-SYN11!1) 

SYN1 (only Initial Synchronizing Sequence) 
DLE and DLE-DLE same as Double SYN 
Transparent 


Single SYN 
Transparent 
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cf 
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OUTPUT TEST LOAD = = 
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5V a. 
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PIN PIN 
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C = 130 pF MAX. FOR DBO-DB7 
C = 30 pF MAX. FOR ALL OTHER OUTPUTS = 
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SYN DETECT 
SR BIT 5 


RxEN 


RxD 
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OVERRUN 
SR BIT 4 


SYNCHRONCUS MODE 7-BIT CHARACTER, NO PARITY 


WRITE ENABLE READ SR | READ SR READ RxHR READ RxHR READ RxHR READ RxHR READ RxHR 


RECE!IVER/SET OTR DATA 1 DATA 2 DATA 3 DATA 4 DATA 4 


| | D1 D2 D3 D4 


ASYNCHRONOUS MODE 7-BIT CHARACTER, NO PARITY, 1 STOP BIT 


MARK 
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DATA 1 © DATA 2 DATA 3 DATA 4 DATA 5 
77) 


WRITE ENABLE READ RxHR READ RxHR READ RxHR READ RxHR 
RECEIVER/SET DTR DATA 1 DATA 2 DATA 3 DATA 5 


DATA 4 LOST 


Figure 6. Receiver Operation Timing Diagram 
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SYNCHRONOUS MODE 7-BIT CHARACTER, NO PARITY 
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Figure 7. Transmitter Operation Timing Diagram 
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o 
RxD DATAN © DATA N+1 DATA N+2 DATA N+3 
” 
RxEN OR 
SR BIT 6 (DCD) 
RxRDY | | | | 


READ READ READ 
DATA N DATA N+1 DATA N+2 


Figure 8. Asynchronous Receiver Operation with Loss of DCD or Disabling RxEN 
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Figure 9. Framing Error and Break Detection Timing 


Package Availability 40 Pin Molded DIP 


Ordering Information 


Penne. | Pockage 


SYP2661-X Molded DIP 


X=1,2o0r3 
(See Table 1) 


Features 


Single 5 V +5% Power Supply 

N Channel, Silicon Gate, Depletion Load Technology 
Eight Bit Parallel Processing 

56 Instructions 

Decimal and Binary Arithmetic 
Thirteen Addressing Modes 

True Indexing Capability 
Programmable Stack Pointer 
Variable Length Stack 

Interrupt Capability 

Non-maskable Interrupt 

Use with Any Type or Speed Memory 
Bi-directional Data Bus 


Description 


The SY6500 Series Microprocessors represent the first 
totally software compatible microprocessor family. This fam- 
ily of products includes a range of software compatible 
microprocessors which provide a selection of addressable 
memory range, interrupt input options and on-chip clock 
oscillators and drivers. All of the microprocessors in the 
SY6500 family are software compatible within the group 
and are bus compatible with the MC6800 product offering. 


Members of the Family 


Part 
Number Clocks RYD | Addressing 


SY6502 | On-Chip| 40 | VY | V/ y x 
. 28 
External} 40 / J y ae 


SY6507 
SY6512 


SY6500 


8-Bit Microprocessor 
Family 


Instruction Decoding and Control 
Addressable Memory Range of up to 65K Bytes 
“Ready” Input 

Direct Memory Access Capability 

Bus Compatible with MC6800 

Choice of External or On-board Clocks 
1 MHz, 2 MHz Operation 

On-chip Clock Options 

— External Single Clock Input 

— Crystal Time Base Input 

40 and 28 Pin Package Versions 
Pipeline Architecture 


The family includes six microprocessors with on-board clock 
oscillators and drivers for four microprocessors driven by 
external clocks The on-chip clock versions are aimed at 
high performance, low cost applications where single phase 
inputs or crystals provide the time base. The external clock 
versions are geared for the multi-processor system applica- 
tions where maximum timing control is mandatory. All 
versions of the microprocessors are available in 1 MHz, 2 
MHz, 3 MHz and 4 MHz maximum operating frequencies. 


Ordering Information 
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No Suffix = 1 MHz 
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PACKAGE TYPE 
P = Molded DIP SPECIFIC TYPE 
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65XX FAMILY 


MICRO- 
PROCESSORS 


Synertek. 


Comments on the Data Sheet 


The data sheet 1s constructed to review the basic “Common 
Characteristics’’ — those features which are common to the 
general family of microprocessors. Subsequent to a review 
of the family characteristics will be sections devoted to each 
member of the group with specific features of each. 


SY6500 Internal Architecture 
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[> -eerr ume BEB 
21 BITLINE AH 


NOTE 

1 CLOCK GENERATOR IS NOT INCLUDED QN SY651X 

2 ADDRESSING CAPABILITY AND CONTROL OPTIONS VARY WITH 
EACH OF THE SY6500 PRODUCTS 
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REGISTER SECTION CONTROL SECTION -——-—-—_-—- 


RDY 


GENERATOR rata SY650X 
g, OUT 
9, OUT 
R/W 
DBE 
DBO 
DBI 
DB2 
DB3 
DATA BUS 
DB4 
DBS 
DB6 
DB7 


ertek. SY6500 


Absolute Maximum Ratings” Comment* 


| Rating 


Storage Temperature Ist 


D.C. Characteristics (Voc = 5.0V +5%, T, = 0-70°C) 
(@1, 02 applies to SY651X, Oo (in) applies to SY650X) 


Symbol 


Input High Voltage 
Vib 


This device contains input protection against damage due to 
high static voltages or electric fields; however, precautions 
should be taken to avoid application of voltages higher than 
the maximum rating. 


Logic and @, (in) for (12.3 MHz 
all 650X devices 4 MHz 


Vcc 


@, and @, only for 
all 651 X devices. Logic All Speeds 
as 650X 


Input Low Voltage 
Logic, 0 in) (650X) 
Q, ; Q,, (651X) 


Input Loading 
(Via OV, Vec = 5.25 V) 
RDY,S.O. 
Input Leakage Current 
(V = 0 to 5.25 V, Vo, = 0) 
Logic (Excl. RDY, S.O.) 
0,. 0, (651X) 
Bo in) (650X} 
Three-State (Off State) Input Current 
(V_, = 0.4 to 2.4 V, Vo, = 5.25 V) 
DBO-DB7 


Output High Voltage 
(1 oap = -100uAdc, Vo, = 4.75 V) 1,2 MHz 
SYNC, DBO-DB7, A0O-A15, R/W 


Output Low Voltage 

(lh oap = 1 6mAdc, Veg = 4.75 V) 1,2 MHz 
SYNC, DBO-DB7, AO-A15, R/W 
Power Dissipation 1 MHz and 2 MHz 
(Vcc = 5.25V) 


co 
o 
= 
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Capacitance 
(Vv, = 0, T, = 25°C, f= 1 MHz) 


RES, NMI, RDY, IRO, S.O., DBE 


DBO-DB7 
A0-A15, R/W, SYNC 

D6 in) (650X) 
0, (651X) 


(651X) 


Synertek. oe SY6500 


650X Ye 
CLOCKS TLoeo THw0 
0 (IN) | 
To1+ ae 
To2- 
Tb TpwHo2 
$2 (OUT) 
Tp 
Trw 


SE ////), a 
i ——— 

4 
MMU, TS 


651X 
CLOCKS 


A 


= 
aD 


> bs 
iw] 
x = 


te 


PIN) 


2 (IN) 
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Dynamic Operating Characteristics 
(Vec = 5.0 + 5%, Ta = 0° to 70°C) 


651X 
Cycle Time 


Q, Pulse Width 

@. Pulse Width 

Delay Between @, and 9, 

0, and @, Rise and Fail Times!) 


650X 
Cycle Time 


Bain) Low Time? 
Bain) High Time!?! 
0, Neg to @, Pos Delay/5) 


0, Neg to 02 Neg Delayl5] 
Q, Pos to 0, Neg Delayl5! 
, Pos to @ Pos Delay!®! 
Bain) Rise and Fall Timel!) 


8,(0UT) Pulse Width 
®20uT) Pulse Width 


Delay Between @, and 9, 
Q, and @2 Rise and Fall Times!1.3] 


650X, 651X 
R/W Setup Time 


R/W Hold Time 
Address Setup Time 
Address Hold Time 
Read Access Time 
Read Data Setup Time 
Read Data Hold Time 
Write Data Setup Time 
Write Data Hold Time 
Sync Setup Time 
Sync Hold Time 

RDY Setup Timel4! 


Notes: 


AnhWN = 


. Measured between 10% and 90% points. 


Measured at 50% points 
Load = 1 TTL load +30 pF. 


RDY must never switch states within Tps to end of ¢9. 


Load = 100 pF 
The 2 MHz devices are identified by an “A” suffix. 
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Timing Diagram Note: 

Because the clock generation for the SY650X and SY651&X is dif- 
ferent, the two clock timing sections are referenced to the main 

timing diagram by three reference lines marked REF ‘A’, REF ‘B’ 

and REF ‘C’. Reference between the two sets of clock timings is 

without meaning. Timing parameters are referred to these lines 

and scale variations in the diagrams are of no consequence. 


© 
a 
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Pin Functions 


Clocks (41, ¢2) 


The SY651X requires a two phase non-overlapping clock 
that runs at the Vcc voltage level. 


The SY650X clocks are supplied with an internal clock gen- 
erator. The frequency of these clocks is externally 
controlled. Clock generator circuits are shown elsewhere in 
this data sheet. 


Address Bus Ao-A;5) 


(See sections on each micro for respective address lines on 
those devices.) 


These outputs are TTL compatible, capable of driving one 
standard TTL load and 130 pF. 


Data Bus (DBy-DB7) 


Eight pins are used for the data bus. This ts a bi-directional 
bus, transferring data to and from the device and peripher- 
als. The outputs are three-state buffers, capable of driving 
one standard TTL load and 130 pF. 


Data Bus Enable (DBE) 


This TTL compatible input allows external control of the 
three-state data output buffers and will enable the micro- 
processor bus driver when in the high state. In normal 
operation DBE would be driven by the phase two (¢) clock, 
thus allowing data output from microprocessor only during 
2. During the read cycle, the data bus drivers are internally 
disabled, becoming essentially an open circuit. To disable 
data bus drivers externally, DBE should be held low. This 
signal is available on the SY6512, only. 


Ready (RDY) 


This input signal allows the user to halt the microprocessor 
on all cycles except write cycles. A negative transition to the 
low state during or coincident with phase one, (¢;) will halt 
the microprocessor with the output address lines reflecting 
the current address being fetched. This condition will 
remain through a subsequent phase two (¢9) in which the 
Ready signal is low. This feature allows microprocessor 
interfacing with low speed PROMS as well as fast (max. 2 
cycle) Direct Memory Access (DMA). If ready is low during a 
write cycle, it is ignored until the following read opeation. 
Ready transitions must not be permitted during ¢2 time. 


Interrupt Request (IRQ) 


This TTL level input requests that an interrupt sequence 
begin within the microprocessor. The microprocessor will 
complete the current instruction being executed before rec- 
ognizing the request. At the time, the interrupt mask bit in 
the Status Code Register will be examined. If the interrupt 
mask flag is not set, the microprocessor will begin an inter- 
rupt sequence. The Program Counter and Processor Status 
Register are stored tn the stack. The microprocessor will 
then set the interrupt mask flag high so that no futher inter- 
rupts may occur. At the end of this cycle, the program 
counter low will be loaded from address FFFE, and program 
counter high from location FFFF, therefore transferring pro- 
gram control to the memory vector located at these 
addresses. The RDY signal must be in the high state for any 
interrupt to be recognized. A 3KQ, external resistor should 
be used for proper wire-OR operation. 


SY6500 


Non-Maskable Interrupt (NMI) 


A negative going transition on this input requests that a 
non-maskable interrupt sequence be generated within the 
microprocessor. 


NMI is an unconditional interrupt. Following completion of 
the current instruction, the sequence of operations defined 
for [RO will be performed, regardless of the state interrupt 
mask flag. The vector address loaded into the program 
counter, low and high, are locations FFFA and FFFB respec- 
tively, thereby transferring program control to the memory 
vector located at these addresses. The instructions loaded 
at these locations cause the microprocessor to branch to a 
non-maskable interrupt routine in memory. 


NMI also requires an external 3KQ resistor to Vcc for proper 
wire-OR operations. 


Inputs IRO. and NMI are hardware interrupts lines that are 
sampled during $2 (phase 2) and will begin the appropriate 
interrupt routine on the ¢, (phase 1) following the comple- 
tion of the current instruction. 


Set Overflow Flag (S.O.) 


A NEGATIVE going edge on this input sets the overflow bit 
in the Status Code Register. This signal is sampled on the 
trailing edge of ¢}. 


SYNC 


This output line is provided to tdentify those cycles in which 
the microprocessor is doing an OP CODE fetch. The SYNC 
line goes high during ¢, of an OP CODE fetch and stays 
high for the remainder of that cycle. If the RDY line is pulled 
low during the ¢@, clock pulse in which SYNC went high, the 
processor will stop in its current state and will remain in the 
state until the RDY line goes high. In this manner, the SYNC 
signal can be used to control RDY to cause single instruc- 
tion execution. 


Reset (RES) 


This input is used to reset or start the microprocessor from 
a power down condition. During the time that this line is 
held low, writing to or from the microprocessor Is inhibited. 
When a positive edge is detected on the input, the microp- 
rocessor will immediately begin the reset sequence. 


After a system initialization time of six clock cycles, the 
mask interrupt flag will be set and the microprocessor will 
load the program counter from the memory vector locations 
FFFC and FFFD. This ts the start location for program 
control. 


After Vcc reaches 4.75 volts in a power up routine, reset 
must be held low for at least two clock cycles. At this time 
the R/W and SYNC signal will become valid. 


When the reset signal goes high following these two clock 
cycles, the microprocessor will proceed with the normal 
reset procedure detailed above. 


Read/Write (R/W) 


This output signal is used to control the direction of data 
transfers between the processor and other circuits on the 
data bus. A high level on R/W signifies data into the pro- 
cessor; a low ts for the data transfer out of the processor. 
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Programming Characteristics 
INSTRUCTION SET — ALPHABETIC SEQUENCE 


ADC Add Memory to Accumulator with Carry 
AND “AND” Memory with Accumulator 
ASL Shift left One Bit (Memory or Accumulator) 


BCC Branch on Carry Clear 

BCS Branch on Carry Set 

BEQ Branch on Result Zero 

BIT Test Bits in Memory with Accumulator 
BMI Branch on Result Minus 

BNE Branch on Result not Zero 

BPL Branch on Result Plus 

BRK Force Break 

BVC Branch on Overflow Clear 

BVS Branch on Overflow Set 


CLC Clear Carry Flag 

CLD Clear Decimal Mode 

CLI Clear Interrupt Disable Bit 

CLV Clear Overflow Flag 

CMP Compare Memory and Accumulator 
CPX Compare Memory and Index X 

CPY Compare Memory and Index Y 


DEC Decrement Memory by One 
DEX Decrement Index X by One 
DEY Decrement Index Y by One 


EOR ‘“‘Exclusive-or’’ Memory with Accumulator 


INC Increment Memory by One 
INX Increment Index X by One 
INY Increment Index Y by One 


JMP Jump to New Location 
JSR Jump to New Location Saving Return Address 


ADDRESSING MODES 
Accumulator Addressing 


This form of addressing ts represented with a one byte 
instruction, implying an operation on the accumulator. 


Immediate Addressing 


In immediate addressing, the operand is contained tn the 
second byte of the instruction, with no further memory 
addressing required. 


Absolute Addressing 


In absolute addressing, the second byte of the instruction 
specifies the eight low order bits of the effective address 
while the third byte specifies the eight high order bits. 
Thus, the absolute addressing mode allows access to the 
entire 65K bytes of addressable memory 


Zero page Addressing 


The zero page instructions allow for shorter cqde and 
execution times by only fetching the second byte of the 
instruction and assuming a zero high address byte. Careful 
use of the zero page can result in significant increase in 
code efficiency. 


Indexed Zero Page Addressing — (X, Y indexing) 


This form of addressing is used in conjunction with the 
index register and is referred to as “Zero Page, X”’ or ‘Zero 
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Load Accumulator with Memory 

Load Index X with Memory 

Load Index Y with Memory 

Shift One Bit Right (Memory or Accumulator) 


No Operation 
“OR” Memory with Accumulator 


Push Accumulator on Stack 
Push Processor Status on Stack 
Pull Accumulator from Stack 
Pull Processor Status from Stack 


Rotate One Bit Left (Memory or Accumulator) 
Rotate One Bit Right (Memory or Accumulator) 
Return from Interrupt 

Return from Subroutine 


Subtract Memory from Accumulator 
with Borrow 
Set Carry Flag 


Set Decimal Mode 

Set Interrupt Disable Status 
Store Accumulator in Memory 
Store Index X in Memory 
Store Index Y in Memory 


Transfer Accumulator to Index X 
Transfer Accumulator to Index Y 
Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Pointer 
Transfer Index Y to Accumulator 


Page, Y ’’ The effective address !s calculated by adding the 
second byte to the contents of the index register. Since this 
is a form of “Zero Page” addressing, the content of the 
second byte references a location in page zero Additionally 
due to the “Zero Page” addressing nature of this mode, no 
carry 1s added to the high order 8 bits of memory and 
crossing of page boundaries does not occur. 


Indexed Absolute Addressing — (X, Y indexing) 


This form of addressing is used in conjunction with X and Y 
index register and ts referred to as ‘Absolute, X,’’ and 
“Absolute, Y.”’ The effective address is formed by adding 
the contents of X or Y to the address contained in the 
second and third bytes of the instruction. This mode allows 
the index register to contain the index or count value and 
the instruction to contain the base address. This type of 
indexing allows any location referencing and the index to 
modify multiple fields resulting in reduced coding and 
execution time. 


Implied Addressing 


Inthe implied addressing mode, the address containing the 
operand is implicitly stated in the operation code of the 
instruction. 
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Relative Addressing 


Relative addressing is used only with branch instructions 
and establishes a destination for the conditional branch. 


The second byte of the instruction becomes the operand 
which is an “‘Offset’’ added to the contents of the lower 
eight bits of the program counter when the counter ts set at 
the next instruction. The range of the offset is -128 to +127 
bytes from the next instruction. 


Indexed Indirect Addressing 


In indexed indirect addressing (referred to as [Indirect, X]), 
the second byte of the instruction 1s added to the contents 
of the X index register, discarding the carry. The result of 
this addition points to a memory location on page zero 
whose contents is the low order eight bits of the effective 
address. The next memory location in page zero contains 
the high order eight bits of the effective address. Both 
memory locations specifying the high and low order bytes of 
the effective address must be in page zero. 


Programming Characteristics 


PROGRAMMING MODEL 


7 g 

7 g 

7 g 

15 7 g 
PCH PCL PROGRAM COUNTER 

7 4) 


“pC” 
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indirect Indexed Addressing 


In indirect indexed addressing (referred to as [Indirect], Y), 
the second byte of the instruction points to a memory loca- 
tion in page zero. The contents of this memory location is 
added to the contents of the Y index register, the result 
being the low order eight bits of the effective address. The 
carry from this addition is added to the contents of the next 
page zero memory location, the result being hte high order 
eight bits of the effective address. 


Absolute Indirect 


The second byte of the instruction contains the lwo order | 
eight bits of a memory location. The high order eight bits of 

that memory location is contained in the third byte of the 
instruction. The contents of the fully specified memory loca- 

tion is the low order byte of the effective address. The next 
memory location contains the high order byte of the effec- 

tive address which ts loaded into the sixteen bits of the 
program counter. 


PROCESSOR STATUS REG “‘P”’ 


A 
CARRY 1= TRUE 
Y 
ZERO 1= RESULT ZERO 
4 IRQ DISABLE 1 = DISABLE 


DECIMAL MODE 1= TRUE 


BRK COMMAND 1=BRK 


OVERFLOW 1= TRUE 


NEGATIVE 1=NEG 
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A+M+C-A 
AAM-A 

a 
BRANCH ON C=¢ 
BRANCH ON C=1 
BRANCH ON Z=1 
ANAM 

BRANCH ON N=1 
BRANCH ON 2=@ 
BRANCH ON N=@ 


(See Fig 1) 
BRANCH ON V=@ 
BRANCH ON V=1 


JUMP TO NEW LOC 
(See Fig 2) JUMP SUB 
M~A (1) 


SY6500 


preeren neeeemened c. 
| 


a i a a a 


3 
B4 BC/4)3 
56 5E/7|3 
16 2710/4) 3 3 


CONDITION CODES 


NN 


w 
Nn 


oP | 
Mx A2 AE|4 | 3}a6|3 | 2 
M—Y (rJaal2 | 2{acla | 3}aa]s | 2 
om[7 ole c ael6|3|46|s| 2 
NO OPERATION 
AVM—=A 99 ap/4| 3}05|3 


(See Fig 1) RTRN INT 
(See Fig 2) RTRN SUB 

A-M-C ~ A (1) 
1=C 


(RESTORED) 
vvo-- 
vivo 
RESTORED} 


1-0 


Ls) 


nN 
NR 


(1) 


eas ae ee 

eee, Se aa 

oon ® m o 

aQmo ie) m 

WW wW w wW 

oo ® 

ao wo 

ee 
win Ww a > 
Ola & eS 8 
ROPER AO nn 


tt 


ow Ow p 
op pypo 
NON NY NY DY 


ADO 1 TO ‘’N” IF PAGE BOUNDARY IS CROSSED x 
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H 


aa ae) 
ee ee 
= 
eon ea 
nn ~ 
on fo2) 
NO N 
n ~ 
Oo m 
a ee) 
a eee 


INDEX xX + ADD - NOT MODIFIED 

(2) ADD 1 TO “N” IF BRANCH OCCURS TO SAME PAGE ‘YY INDEX Y -- SUBTRACT M, MEMORY BIT 7 
ADD 2 TO “N” IF BRANCH OCCURS TO DIFFERENT PAGE A ACCUMULATOR A AND Mg MEMORY BIT 6 

(3) CARRY NOT = BELOW M MEMORY PER EFFECTIVE ADDRESS Vv OR N NO CYCLES 

(4) IF IN DECIMAL MODE Z FLAG IS INVALID Ms MEMORY PER STACK POINTER v EXCLUSIVE OR # NO BYTES 
ACCUMULATOR MUST BE CHECKED FOR ZERO RESULT y MODIFIED 


MICRO- 
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SY6502 — 40 Pin Package 


Features 


e 65K Addressable Bytes of Memory 
° IRO Interrupt e NMI Interrupt 
e On-the-chip Clock 

/ TTL Level Single Phase Input 

/ Crystal Time Base Input 


e SYNC Signal 
(can be used for single instruction execution) 


e RDY Signal 
(can be used for single cycle execution) 


41 
2 
3 
4 
5 
6 
7 
8 
9 


e Two Phase Output Clock for Timing of Support Chips 


SY6503 — 


Features 


e 4K Addressable Bytes of Memory (ABO0-AB11) 
e On-the-chip Clock 

e IRO Interrupt 

e NMI Interrupt 


e 8 Bit Bi-Directional Data Bus 


Features 


e iRO Interrupt (6504 only) 

e RDY Signal (6507 only) 

e 8K Addressable Bytes of Memory (ABO0-AB12) 
e On-the-chip Clock 


e 8 Bit Bi-Directional Data Bus 
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SY6505 — 28 Pin Package 


RES] 1 28 [-] 8, (OUT) Features 
Vs] 2 27 [1 By (IN) 


RDY[} 3 26 |_J]R/W 

RoC 4 25 {] DBO e 4K Addressable Bytes of Memory (ABOO-AB11) 
VecU 5 24 [0B 

aso(] 6 23 []pB2 e On-the-chip Clock 

AB1[_]} 7 22 [_] DB3 so 

aAB2C1 8 211 ]DB4 e [RO Interrupt 


e RDY Signal 


e 8 Bit Bi-Directional Data Bus 


RESO] 28 (9, (0uT) Features 
27 [)% (IN) 


8, (OUT) [] 26 [ ]R/W 
e 4 re le f - 
oes 5. Fane K Addressable Bytes of Memory (ABOO-AB11) 
Veo O 24} JDB1 e On-the-chip Clock 
Aso C] 23 [-JDB2 
ABi(] 22 | ]DB3 e |RO Interrupt 
AB2 ] DB4 
AB3 20 [_}DB5 e Two phases off 
AB4 [] -]DB6 
ABs [] 18 [_)DB7 e 8 Bit Bi-Directional Data Bus 
Ape CI 17 (AB11 
AB7 [] 16 || AB10 


AB8 [] 15 LJ] AB9 


Features 


e 65K Addressable Bytes of Memory 


—) 
« 
4 
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e IRQ Interrupt 
e NMI Interrupt 
e RDY Signal 


e 8 Bit Bi-Directional Data Bus 
e SYNC Signal 
e Two phase tnput 


e Data Bus Enable 
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SY6513 — 28 Pin Package 


Features 


e 4K Addressable Bytes of Memory (ABOO-AB11) 


e Two phase clock input 


1 
2 
3 
4 
5 
6 
7 
8 
9 


e |RO Interrupt 
e NMI Interrupt 


e 8 Bit Bi-Directional Data Bus 


Features 


e 8K Addressable Bytes of Memory (ABO0-AB12) 
e Two phase clock input 


e |RO Interrupt 


e 8 Bit Bi-Directional Data Bus 


Features 


e 4K Addressable Bytes of Memory (ABOO-AB11) 
e Two phase clock input 


e IRO Interrupt 


e 8 Bit Bi-Directional Data Bus 
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Clock Generation Circuits” *For further details refer to Synertek SY6500 Applications Information Note AN2. 
Crystals used are CTS Knight MP Series or equivalents. (Series Mode) 


[ OSCILLATOR CIRCUIT | DIVIDE BY 2 OR 4 CIRCUIT | 
(ONE TTL PACKAGE REQUIRED) (ONE TTL PACKAGE REQUIRED) 


0 05 nF 


9, (650X) 
0, (651X) 


0, (651X) 


+5V +5V 


JUMPER “A” = -4 
JUMPER “BY” = -2 


CRYSTAL OUTPUT FREQUENCY 


SY650X 


33K 


SY650X 


ie) 
c 
S 
<“e] 
ie) 
bid 
ao 
f=) 
cc 
au 


= XTAL 


+5V 
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Features 


Two 8-Bit Bidirectional |/O Ports 

Two 16-Bit Programmable Timer/Counters 
Serial Data Port 

Single +5V Power Supply 

TTL Compatible 

CMOS Compatible Peripheral Port A lines 


Description 


The SY6522 Versatile Interface Adapter (VIA) is a 
very flexible 1/O control device. In addition, this de- 
vice contains a pair of very powerful 16-bit interval 
timers, a serial-to-parallel/parallel-to-serial shift re- 
gister and input data latching on the peripheral ports. 
Expanded handshaking capability allows control of 
bi-directional data transfers between V1IA’s in multiple 
processor systems. 

Control of peripheral devices is handled primarily 
through two 8-bit bi-directional ports. Each line can 


INTERRUPT 
CONTROL 


ENABLE 
(IER) 


DATA 
BUS 
BUFFERS 


PERIPHERAL 


AUXILIARY 
(ACR) 


FUNCTION 
CONTROL 


LATCH 
(TTL-H) 


LATCH 
(T1L-L) 


COUNTER 
(T1C-H) 


Soe Sas 


(T1C-L) 
TIMER 1 


TIMER 2 


LATCH 
(T2L-L) 


COUNTER | COUNTER 


(T2C-H) ' (T2C-L) 


SY6522/SY6522A 


Versatile Interface 
Adapter (VIA) 


COUNTER 


Expanded “‘Handshake” Capability Allows Positive 
Control of Data Transfers Between Processor and 
Peripheral Devices 

@ Latched Output and Input Registers 

@ 1 MHz and 2 MHz Operation 


be programmed as either an input or an output. Several 
peripheral |1/O lines can be controlled directly from 
the interval timers for generating programmable fre- 
quency square waves or for counting externally gen- 
erated pulses. To facilitate control of the many power- 
ful features of this chip, an interrupt flag register, an 
interrupt enable register and a pair of function con- 
trol registers are provided. 


INPUT LATCH 


DATA DIR 
(DDRA) 


PORT A REGISTERS 


HANDSHAKE 
CONTROL 


SHIFT REG 
(SR) 


PORT B REGISTERS 


INPUT LATCH 


C | eer K > pore 


DATA DIR 
(DDRB) 


Figure 1. SY6522 Block Diagram 
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Absolute Maximum Ratings* Comment* 
| Value : This device contains circuitry to protect the inputs 
against damage due to high static voltages. However, 
Supply Voltage -0.3 to +7. _— it is advised that normal precautions be taken to 
Input Voltage -0.3 to +7.0 avoid application of any voltage higher than maxi- 
Operating Temperature mum rated voltages. 
Range 0 to +70 
Storage Temperature 
Range Tstg | -55 to +150 
Electrical Characteristics (Vec = 5.0V + 5%, Ta = 0-70°C unless otherwise noted) 


Unit 


Symbol 


< 
2) 
oO 
< 


*| lols 
= o 
< 


C V 


Q 


lin Input Leakage Current — Viy = 0 to 5 Vde LA 
R/W, RES, RSO, RS1, RS2, RS3, CS1, CS2, 
CA1, 2 

Its Off-state Input Current — Vin) = .4 to 2.4V LA 
Vec = Max, DO to D7 

Ny Input High Current — Viy = 2.4V -100 LA 
PAO-PA7, CA2, PBO-PB7, CB1, CB2 

Ne Input Low Current — Vi, = 0.4 Vde -1.6 mA 
PAO-PA7, CA2, PBO-PB7, CB1, CB2 

VoH Output High Voltage 4 V 


Vec = min, ligag = -100 uAdc 
PAO-PA7, CA2, PBO-PB7, CB1, CB2 


VoL Output Low Voltage 
Vec = min, lioag = 1.6 mAdc 


1 
NO O;N|N 
wip] A 


Output High Current (Sourcing) 
Vou = 2.4V 
Voy = 1.5V (PBO-PB7) 


loH 
-100 
-1.0 


lOL Output Low Current (Sinking) 
Vo. = 0.4 Vde 


lOFF Output Leakage Current (Off state) 
IRO 


Cin Input Capacitance — Ty = 25°C, f = 1 MHz 
(R/W, RES, RSO, RS1, RS2, RS3, CS1, CS2, 
DO-D7, PAO-PA7, CA1, CA2, PBO-PB7) 


3k 
> > 


—) 
oo 
4 
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ay 
Oo 
xe) 

= 


(CB1, CB2) 
(62 Input) 


Cout Output Capacitance — Ty = 25°C, f= 1 MHz 
Pp Power Dissipation (Vec = 5.25V) 


NO — 
oe) 
CT FD 
oo | 


—_ 
o>) 


3 
= 


00 


SS 
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Test Load 


OPEN COLLECTOR 
OUTPUT TEST LOAD 


5V 


PIN 


100 pF 


C = 130 pF MAX. FOR DBO-DB7 
C = 30 pF MAX. FOR ALL OTHER OUTPUTS =, 


Figure 2. Test Load (for all Dynamic Parameters) 


Tacr ee Tey 
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$2 
CLOCK 


Teor _—_—_— PP, 
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THR |\~*—— 
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Figure 3. Read Timing Characteristics 


DATA BUS 


Read Timing Characteristics (Figure 3) 


SY 6522 SY6522A 
Symbol Parameter Unit 
Tey 


nT ws 
i a 
[sates Stine iad 
Ce ed 
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= 


Ale ect cadal ae Sa 

ae ee 
Tpcr Peripheral Data Set-Up Time [300 «fC CY ae 
Tcpr Data Bus Delay Time ; = 00 - 


THR Data Bus Hold Time 


NOTE: tr, tf = 10 to 30ns. 
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Figure 4. Write Timing Characteristics 


Synertek. SY6522/SY652 
Peripheral Interface Characteristics 


tr, tf Rise and Fall Time for CA1, CB1, CA2, and CB2 1.0 
Input Signals 
Tca2 Delay Time, Clock Negative Transition to CA2 
Negative Transition (read handshake or pulse mode) 
Trs Delay Time, Clock Negative Transition to CA2 Positive 
Transition (pulse mode) 
Trs2 Delay Time, CA1 Active Transition to CA2 Positive 
Transition (handshake mode) 
Twus Delay Time, Clock Positive Transition to CA2 or CB2 LS 5c, 5d 
Negative Transition (write handshake) 


7) 
| 


5a 


= 


5b 


= 
” 


a n 
ol 
~ 
oO 
oO 


Tos Delay Time, Peripheral Data Valid to CB2 Negative 0.20 1.5 pS 5c, 5d 
Transition 

Trs3 Delay Time, Clock Transition to CA2 or CB2 us 5c 
Positive Transition (pulse mode) 

Trs4 Delay Time, CA1 or CB1 Active Transition to CA2 or 2.0 US 5d 
CB2 Positive Transition (handshake mode) 

To1 Delay Time Required from CA2 Output to CA1 5d 
Active Transition (handshake mode) 

Tit Set-up Time, Peripheral Data Valid to CA1 or CB1 300 5e 
Active Transition (input latching) 

Tsp1 Shift-Out Delay Time — Time from ¢9 Falling Edge 300 5f 
to CB2 Data Out 

Tsp2 Shift-In Setup Time — Time from CB2 Data in to 300 5g 
2 Rising Edge 

Tsr3 External Shift Clock (CB1) Setup Time Relative to 100 Tey 5g 
2 Trailing Edge 

aon Pulse Width — PB6 Input Pulse l2xtoy | — | | | &i 

Tien Pulse Width — CB1 Input Clock }2xTor | — | | | Bh 

Tips Pulse Spacing — PB6 Input Pulse }2xTey | — | | | 51 

Tics Pulse Spacing — CB1 Input Pulse PCa a en 5h 

TAL CA1, CB1 Set Up Prior to Transition to Arm Latch ‘To +50 | — | | ons | 5e 

Tppx Peripheral Data Hold After CA1, CB1 Transition | 150 | — | | ns | 5e 

Tew Set Up Required on CA1, CB1, CA2 or CB2 Prior to Te + 50 5) 
Triggering Edge 
Shift Register Clock — Delay from ¢9 

Tppr to CB1 Rising Edge 200 5k 

Topi to CB1 Falling Edge 125 5k 
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READ IRA 
OPERATION 


CA2 
“DATA TAKEN” 
Toa2 Trs1 


Figure 5a. CA2 Timing for Read Handshake, Pulse Mode 
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READ IRA 
OPERATION 
A A 
CA2 
“DATA TAKEN” 
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CA1 
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TRANSITION 


Figure 5b. CA2 Timing for Read Handshake, Handshake Mode 
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WRITE ORA, ORB 
OPERATION 


CA2, CB2 
“DATA READY” 


Mae \\\\\ 


Figure 5c. CA2, CB2 Timing for Write Handshake, Pulse Mode 


4-35 


oO 
pas 
o 
— 


PROCESSORS 


SY6522/SY6522A 


PA, PB 
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is a ald 
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Tsr3 


SETUP TIME MEASURED TO THE FIRST $2 
RISING EDGE AFTER CB1 RISING EDGE 


Figure 5g. Timing for Shift In with Internal or External Shift Clocking 


CB1 
SHIFT CLOCK 
INPUT 
Ticw Nee ee 
Figure 5h. External Shift Clock Timing 

PB6 

PULSE COUNT 

INPUT 
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Figure 5i. Pulse Count Input Timing 
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CA1, CA2 
CB1, CB2 


INTERRUPT 


CENERSTING ae 
Tppr TpPL 
Figure 5j. Setup Time to Triggering Edge Figure 5k. Shift-in/out with Internal Clock 


Delay CD2 to CB1 Edge 
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Pin Descriptions 
RES (Reset) 


The reset input clears all internal registers to logic 0 
(except T1 and T2 latches and counters and the Shift 
Register). This places all peripheral interface lines in 
the input state, disables the timers, shift register, etc. 
and disables interrupting from the chip. 


2 (Input Clock) 


The input clock is the system $2 clock and is used to 
trigger all data transfers between the system processor 
and the SY6522. 


RAW (Read/Write) 

The direction of the data transfers between the 
SY6522 and the system processor is controlled by the 
R/W line. If R/W is low, data will be transferred out 
of the processor into the selected SY6522 register 
(write operation). If R/W is high and the chip is select- 
ed, data will be transferred out of the SY6522 (read 
operation). 


Register RS Coding 


0 


DDRB 
DDRA 
T1¢0-L 
T1C-H 
TIL-L 
T1L-H 
T2C-L 
T2C-H 
R 

CR 
R 
IFR 


COIPn oOo; oatP ly oynho;y— 


> 


oO 


Register 


SY6522/SY6522A 


DBO-DB7 (Data Bus) 


The eight bi-directional data bus lines are used to 
transfer data between the SY6522 and the system 
processor. During read cycles, the contents of the sel- 
ected SY6522 register are placed on the data bus lines 
and transferred into the processor. During write 
cycles, these lines are high-impedance inputs and data 
is transferred from the processor into the selected re- 
gister. When the SY6522 is unselected, the data bus 
lines are high-impedance. 


CS1, CS2 (Chip Selects) 


Tr fo fier 
Ta fonarna 


T2 Low-Order Latches 


The two chip select inputs are normally connected to 
processor address lines either directly or through de- 
coding. The selected SY6522 register will be accessed 
when CS1 is high and CS2 is low. 


RSO-RS3 (Register Selects) 

The four Register Select inputs permit the system pro- 
cessor to select one of the 16 internal registers of the 
SY6522, as shown in Figure 6. 


Description 


Write Read 


a Wit 
| 0 | o | 0 | 0 | ORB/RB | Output Register “B” | Input Register “B” 


ORA/IRA 


Output Register ““A’”’ Input Register “A’”’ 
Data Direction Register ‘’B’”’ 


Data Direction Register ““A’”’ 


T1 Low-Order Latches T1 Low-Order Counter 


T1 High-Order Counter 

T1 Low-Order Latches 

T1 High-Order Latches 

T2 Low-Order Counter 
T2 High-Order Counter 

Shift Register 

Auxiliary Control Register 

Peripheral Control Register 

Interrupt Flag Register 

Interrupt Enable Register 

Same as Reg 1 Except No ““Handshake”’ 


Figure 6. SY6522 Internal Register Summary 
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IRQ (Interrupt Request) 

The Interrupt Request output goes low whenever an 
internal interrupt flag is set and the corresponding in- 
terrupt enable bit is a logic 1. This output is ‘open- 
drain” to allow the interrupt request signal to be 
“wire-or’ed’’ with other equivalent signals in the 
system. 


PAO-PA7_ (Peripheral A Port) 

The Peripheral A port consists of 8 lines which can 
be individually programmed to act as inputs or out- 
puts under control of a Data Direction Register. The 
polarity of output pins is controlled by an Output 
Register and input data may be latched into an in- 
ternal register under control of the CA1 line. All of 
these modes of operation are controlled by the sys- 
tem processor through the internal control registers. 
These lines represent one standard TTL load in the 
input mode and will drive one standard TTL load in 
the output mode. Figure 7 illustrates the output 
circuit. 


CA1, CA2 (Peripheral A Control Lines) 

The two Peripheral A control lines act as interrupt in- 
puts or as handshake outputs. Each line controls an 
internal interrupt flag with a corresponding interrupt 
enable bit. In addition, CA1 controls the latching of 
data on Peripheral A port input lines. CA1 is a high- 


impedance input only; while CA2 represents one stan- 
dard TTL load in the input mode. CA2 will drive one 
standard TTL load in the output mode. 


+5V 


PAO-PA7, 
CA2 


| 

1/0 CONTROL I 
OUTPUT DATA | 
I 


INPUT DATA 


Figure 7. Peripheral A Port Output Circuit 


PBO-PB7 (Peripheral B Port) 


The Peripheral B port consists of eight bi-directional 
lines which are controlled by an output register and a 
data direction register in much the same manner as the 


SY6522/SY6522A 


PA port. In addition, the PB7 output signal can be 
controlled by one of the interval timers while the 
second timer can be programmed to count pulses 
on the PB6 pin. Peripheral B lines represent one 
standard TTL load in the input mode and will drive 
one standard TTL load in the output mode. In addi- 
tion, they are capable of sourcing 1.0mA at 1.5VDC 
in the output mode to allow the outputs to directly 
drive Darlington transistor circuits. Figure 8 is the 
circuit schematic. 


CB1, CB2 (Peripheral B Contro! Lines) 


The Peripheral B control lines act as interrupt inputs 
or as handshake outputs. As with CA1 and CA2, each 
line controls an interrupt flag with a corresponding in- 
terrupt enable bit. In addition, these lines act as a 
serial port under control of the Shift Register. These 
lines represent one standard TTL load in the input 
mode and will drive one standard TTL load in the 
output mode. Unlike PBO-PB7, CB1 and CB2 cannot 
drive Darlington transistor circuits. 


+5V 


INPUT/ 
OUTPUT 
CONTROL 


PBO-PB7, 
CB1, CB2 


OUTPUT 
DATA 


INPUT DATA 


Figure 8. Peripheral B Port Output Circuit 


FUNCTIONAL DESCRIPTION 


Port A and Port B Operation 

Each 8-bit peripheral port has a Data Direction Reg- 
ister (DDRA, DDRB) for specifying whether the peri- 
pheral pins are to act as inputs or outputs. AO ina 
bit of the Data Direction Register causes the corres- 
ponding peripheral pin to act as an input. A 1 causes 
the pin to act as an output. 


When programmed as an output each peripheral pin 
is also controlled by a corresponding bit in the Out- 
put Register (ORA, ORB). A 1 in the Output Regis- 
ter causes the output to go high, and a ‘’0”’ causes the 
output to go low. Data may be written into Output 
Register bits corresponding to pins which are pro- 
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grammed as inputs. In this case, however, the output 
signal is unaffected. 


Reading a peripheral port causes the contents of the 
Input Register (IRA, IRB) to be transferred onto the 
Data Bus. With input latching disabled, IRA will always 
reflect the levels on the PA pins. With input latching 
enabled and the selected active transition on CA1 
having occurred, IRA will contain the data present 
on the PA lines at the time of the transition. Once 
IRA is read, however, it will appear transparent, re- 
flecting the current state of the PA lines until the 
next “‘latching’”’ transition. 


The IRB register operates similar to the |RA register. 
However, for pins programmed as outputs there is a 
difference. When reading IRA, the level on the pin 
determines whether a0 ora 1 is sensed. When reading 
IRB, however, the bit stored in the output register, 
ORB, is the bit sensed. Thus, for outputs which have 
large loading effects and which pull an output “1” 
down or which pull an output ‘’0” up, reading IRA 
may result in reading a ‘‘0’’ when a “1” was actually 
programmed, and reading a “’1’’ when a “‘0” was pro- 
grammed. Reading IRB, on the other hand, will read 
the “‘1”’ or “‘0” level actually programmed, no matter 
what the loading on the pin. 


Figures 9,10, and 11 illustrate the formats of the port 
registers. In addition, the input latching modes are 
selected by the Auxiliary Control Register (Figure 
16.) 


Handshake Control of Data Transfers 


The SY6522 allows positive control of data transfers 
between the system processor and peripheral devices 


REG 0 — ORB/IRB 


OUTPUT REGISTER “B” (ORB) 
OR 
INPUT REGISTER “B” (ORB) 


Pin 
Data Direction 
Selection 


B = "1" (OUTPUT) 


MPU writes Output Level | MPU reads output register bit 

(ORB) in ORB Pin level has no affect 
MPU reads input level on PB 
pin 


MPU writes tnto ORB, but 
MPU reads IRB bit, which ts 


DDR 


DDRB = “0” (INPUT) 


(Input latching disabled) 


no effect on pin level, until 
DDRB changed 
the level of the PB pin at the 
time of the last CB1 active 
transition 


DDRB = “0” (INPUT) 
(Input latching enabled) 


Figure 9. Output Register B (ORB), 
Input Register B (IRB) 
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REG 1 —ORA/IRA 


BEER SEOo 


PAO 
PA1 


PA2 
OUTPUT REGISTER “A” (ORA) 
OR 
INPUT REGISTER “A” (IRA) 


PA3 
PA4 
PAS 
PA6 


PA7 


MPU writes Output Level | MPU reads level on PA pin 


(ORA) 

MPU reads IRA bit which is 
the level of the PA pin at the 
time of the last CA1 active 
transition 


MPU reads level on PA pin 


MPU reads IRA bit which ts 
the level of the PA pin at the 
time of the last CA1 active 
transition 


Pin 
Data Direction 
Selection 
DDRA = “1” (OUTPUT) 
(Input latching disabled) 
DDRA = “1” (OUTPUT) 
(input latching enabled) 


DDRA = "0" (INPUT) 
(Input latching d'sabled) 


DDRA = “0” (INPUT) 
(Input latching enabled) 


MPU writes into ORA, but 
no effect on pin level, until 
DDRA changed 


Figure 10. Output Register A (ORA), 
Input Register A (IRA) 


REG 2 (DDRB) AND REG 3 (DDRA) 
DOBHORno 


ion 


eee erates 


PBO/PAO 
PB1/PA1 
PB2/PA2 


PB3/PA3] DaTA DIRECTION REGISTER 


ppajpaa| “B” OR “A” (DDRB/DDRA) 


| 


PBS/PAS 
PB6/PAG 
PB7/PAT7 


' ASSOCIATED PB/PA PIN IS AN INPUT 
(HIGH IMPEDANCE) 


“1 ASSOCIATED PB/PA PIN IS AN OUTPUT, 
WHOSE LEVEL IS DETERMINED BY 
ORB/ORA REGISTER BIT 


Figure 11. Data Direction Registers (DDRB, DDRA) 


through the operation of ““handshake’”’ lines. Port A 
lines (CA1, CA2) handshake data on both a read and 
a write operation while the Port B lines (CB1, CB2) 
handshake on a write operation only. 


Read Handshake 


Positive control of data transfers from peripheral de- 
vices into the system processor can be accomplished 
very effectively using Read Handshaking. In this case, 
the peripheral device must generate the equivalent of 
a ‘Data Ready” signal to the processor signifying that 
valid data is present on the peripheral port. This signal 
normally interrupts the processor, which then reads 
the data, causing generation of a ‘Data Taken” signal. 
The peripheral device responds by making new data 
available. This process continues until the data trans- 
fer is complete. 


Synertek. 


SY6522/SY6522A 


“DATA READY” 


(Cat) : LLLLLLAL ALLA LLL 


IRQ OUTPUT 


READ !RA OPERATION 


“DATA TAKEN” 
HANDSHAKE MODE 
(CA2) 


“DATA TAKEN” 


PULSE MODE | | 
(CA2) 


Figure 12. Read Handshake Timing (Port A, Only) 


WRITE ORA, ORB TT f | 
OPERATION 


“DATA READY” 
HANDSHAKE MODE 
(CA2, CB2) | 


“DATA READY” 
PULSE MODE 
(CA2, CB2) 


“DATA TAKEN 
(CA1, CB1) 


IRQ OUTPUT I [ 


Figure 13. Write Handshake Timing 


In the SY6522, automatic ‘‘Read’’ Handshaking is 
possible on the Peripheral A port only. The CAT in- 
terrupt input pin accepts the ‘‘Data Ready”’ signal 
and CA2 generates the ‘Data Taken”’ signal. The 
“Data Ready” signal will set an internal flag which 
may interrupt the processor or which may be polled 
under program control. The ‘‘Data Taken”’ signal can 
either be a pulse or a level which is set low by the sys- 
tem processor and is cleared by the “Data Ready” 
signal. These options are shown in Figure 12 which 
illustrates the normal Read Handshaking sequence. 


Write Handshake 


The sequence of operations which allows handshaking 
data from the system processor to a peripheral device 


is very similar to that described for Read Handshaking. 


However, for Write Handshaking, the SY6522 gener- 
ates the ‘Data Ready” signal and the peripheral de- 
vice must respond with the ‘‘Data Taken” signal. This 
can be accomplished on both the PA port and the 
PB port on the SY6522. CA2 or CB2 act as a ‘‘Data 
Ready’’ output in either the handshake mode or pulse 
mode and CA1 or CB1 accept the ‘Data Taken’”’ sig- 
nal from the peripheral device, setting the interrupt 
flag and cleaning the “‘Data Ready” output. This 
sequence is shown in Figure 13. 


Selection of operating modes for CA1, CA2, CB1, 
and CB2 is accomplished by the Peripheral Control 
Register (Figure 14). 


Timer Operation 


Interval Timer T1 consists of two 8-bit latches and a 
16-bit counter. The latches are used to store data 
which is to be loaded into the counter. After loading, 
the counter decrements at @2 clock rate. Upon reach- 
ing zero, an interrupt flag will be set, and [RO will go 
low if the interrupt is enabled. The timer will then 
disable any further interrupts, or (when programmed 
to) will automatically transfer the contents of the 
latches into the counter and begin to decrement 
again. In addition, the timer may be programmed to 
invert the output signal on a peripheral pin each time 
it ‘‘times-out’’. Each of these modes is discussed sep- 
arately below. 


The T1 counter is depicted in Figure 15 and the 
latches in Figure 16. 


REG 12 — PERIPHERAL CONTROL REGISTER 


ebnchuaneCest ase = 


[7{6[S]OPERATION 
}0]0/0 | INPUT-NEGATIVE ACTIVE EDGE 


CA1 INTERRUPT CONTROL 


0= NEGATIVE ACTIVE EDGE 
1 = POSITIVE ACTIVE EDGE 


NTERRUPT 
PT INPUTNEg EDGE et CAZ CONTROL 
10 [7] 0]INPUT-POSITIVE ACTIVE EDGE | 3[2/1] OPERATION, 
Nees we 10{0/0| INPUT-NEGATIVE ACTIVE EDGE| 
INPUT-POS EDGE INDEPENDENT INTERRUPT 
L1]O]0[HANDSHAKE OUTPUT eee INPUT-NEG EDGE 7 
fifo[a{PuLsE OUTPUT 10 [1 [0] INPUT-POSITIVE ACTIVE EDGE | 
Hiacammr——} } [| Taras 
fi]t[1 [HIGH OUTPUT Boo INPUT-POS EDGE 
Ee ee rrfo[ifPutse ourpuT =i 
0= NEGATIVE ACTIVE EDGE f1]tfo[towourrur SSS 
1= POSITIVE ACTIVE EDGE fajafifHiGHouTPUT 


*SEE NOTE ACCOMPANYING FIGURE 25 


Figure 14. CA1, CA2, CB1, CB2 Control 
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Two bits are provided in the Auxiliary Control Reg- 
ister (bits 6 and 7) to allow selection of the T1 oper- 


SY6522/SY6522A 


ating modes. The four possible modes are depicted 
in Figure 17. 


REG 4 — TIMER 1 LOW-ORDER COUNTER 


128 


WRITE — 8 BITS LOADED INTO T1 LOW-ORDER 
LATCHES. LATCH CONTENTS ARE 
TRANSFERRED INTO LOW-ORDER 
COUNTER AT THE TIME THE HIGH- 
ORDER COUNTER IS LOADED (REG 5). 


READ — 8 BITS FROM T1 LOW-ORDER COUNTER 
TRANSFERRED TO MPU. IN ADDITION, 
T1 INTERRUPT FLAG IS RESET (BIT 6 
IN INTERRUPT FLAG REGISTER) 


REG 5 — TIMER 1 HIGH-ORDER COUNTER 


ieee lst lal] 


COUNT 
VALUE 
4096 


8192 
16384 
32768 


WRITE — 8 BITS LOADED INTO T1 HIGH-ORDER 
LATCHES. ALSO, AT THIS TIME BOTH 
HIGH AND LOW-ORDER LATCHES 
TRANSFERRED INTO T1 COUNTER, 
AND INITIATES COUNTDOWN. T1 
INTERRUPT FLAG ALSO IS RESET 


READ — 8 BITS FROM T1 HIGH-ORDER COUNTER 
TRANSFERRED TO MPU. 


Figure 15. T1 Counter Registers 


REG 6 — TIMER 1 LOW-ORDER LATCHES 


COUNT 
ag | VALUE 
32 
64 
128 


WRITE ~— 8 BiTS LOADED INTO T1 LOW-ORDER 
LATCHES THIS OPERATION IS NO 
DIFFERENT THAT A WRITE INTO 
REG4 


READ — 8 BITS FROM T1 LOW-ORDER LATCHES 
TRANSFERRED TO MPU UNLIKE REG 4 
OPERATION, THIS DOES NOT CAUSE 
RESET OF T1 INTERRUPT FLAG 


REG 7 — TIMER 1 HIGH-ORDER LATCHES 


GEQBEEEE 


= 256 
512 
1024 
2048 
4096 
8192 
16384 
32768 


WRITE — 8 BITS LOADED INTO T1 HIGH-ORDER 
LATCHES UNLIKE REG 4 OPERATION 
NO LATCH-TO-COUNTER TRANSFERS 
TAKE PLACE. 


READ — 8 BITS FROM T1 HIGH-ORDER LATCHES 
TRANSFERRED TO MPU. 


COUNT 
VALUE 


Figure 16. T1 Latch Registers 


REG 11 — AUXILIARY CONTROL REGISTER 


T1 TIMER aii ie ee ea 
[7| 6 | OPERATION 


TIMED INTERRUPT 
EACH TIME T11S 
LOADED DISABLED 
1| CONTINUOUS 
INTERRUPTS 
1 TIMED INTERRUPT | ONE-SHOT 
EACH TIME T1 !S OUTPUT 
LOADED 
CONTINUOUS SQUARE 
INTERRUPTS WAVE 
T2 TIMER CONTROL 


OUTPUT 
| 5 | OPERATION 
| 0{ TIMED INTERRUPT 


COUNT DOWN WITH 
PULSES ON PB6 


BEBABedo 


PA LATCH ENABLE/DISABLE 


PB 0 = DISABLE 
1 = ENABLE LATCHING 


SHIFT REGISTER CONTROL 


[4|3|2|OPERATION 


DISABLED 
SHIFT IN UNDER CONTROL OF T2 


10 { SHIFT IN UNDER CONTROL OF 02 
[1 | SHIFT IN UNDER CONTROL OF EXT CLK 


SHIFT OUT FREE-RUNNING AT T2 RATE 
SHIFT OUT UNDER CONTROL OF T2 


SHIFT OUT UNDER CONTROL OF 02 
SHIFT OUT UNDER CONTROL OF EXT CLK 


Figure 17. Auxiliary Control Register 


Note: The processor does not write directly into the low order counter (T1C-L). Instead, this half of the counter is loaded auto- 
matically from the low order latch when the processor writes into the high order counter. In fact, it may not be necessary to 
write to the low order counter in some applications since the timing operation is triggered by writing to the high order counter. 


4-42 


Synertek. 


SY6522/SY6522A 


WRITE T1C-H 
OPERATION | | 


| 


IR 


ie) 


OUTPUT 


PB7 OUTPUT 
(T1, ONLY) 


T1 COUNT 


T2 COUNT 


N+ 15 CYCLES —————_______> 


Figure 18. Timer 1 and Timer 2 One-Shot Mode Timing 


Timer 1 One-Shot Mode 


The interval timer one-shot mode allows generation 
of a single interrupt for each Timer load operation. 
In addition, Timer 1 can be programmed to produce 
a single negative pulse on PB7. 


To generate a single interrupt ACR bits 6 and 7 must 
be 0 then either TIL-L or TIC-L must be written with 
the low-order count value. (A write to TIC-L is effec- 
tively a Write to TIL-L). Next the high-order count 
value is written to TIC-H, (the value is simultan- 
eously written into TIL-H), and TIL-L is transferred 
to TIC-L. Countdown begins on the $2 following the 
write TIC-H and decrements at the $9 rate. T1 inter- 
rupt occurs when the counters reach 0. Generation 
of a negative pulse on PB7 is done in the same manner 
except ACR bit 7 must be a one. PB7 will go low 
after a Write TIC-H and go high again when the 
counters reach 0. 


The T1 interrupt flag is reset by either writing TIC-H 
(starting a new count) or by reading TIC-L. 


Timing for the one-shot mode is illustrated in 
Figure 18. 


Timer 1 Free-Run Mode 


The most important advantage associated with the 
latches in T1 is the ability to produce a continuous 
series of evenly spaced interrupts and the ability to 
produce a square wave on PB7 whose frequency is 
not affected by variations in the processor interrupt 
response time. This is accomplished in the ‘‘free- 
running’’ mode. 
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In the free-running mode, the interrupt flag is set and 
the signal on PB7 is inverted each time the counter 
reaches zero. However, instead of continuing to decre- 
ment from zero after a time-out, the timer automati- 
cally transfers the contents of the latch into the 
counter (16 bits) and continues to decrement from 
there. It is not necessary to rewrite the timer to en- 
able setting the interrupt flag on the next time-out. 
The interrupt flag can be cleared by reading TIC-L, 
by writing directly into the flag as described later, 
or if a new count value is desired by a write to TIC-H. 


All interval timers in the SY6522 are “’re-triggerable”’. 
Rewriting the counter will always re-initialize the 
time-out period. In fact, the time-out can be prevent- 
ed completely if the processor continues to rewrite 
the timer before it reaches zero. Timer 1 will operate 
in this manner if the processor writes into the high 
order counter (T1C-H). However, by loading the 
latches only, the processor can access the timer dur- 
ing each down-counting operation without affecting 
the time-out in process. Instead, the data loaded into 
the latches will determine the length of the next time- 
out period. This capability is particularly valuable in 
the free-running mode with the output enabled. In 
this mode, the signal on PB7 is inverted and the in- 
terrupt flag is set with each time-out. By responding 
to the interrupts with new data for the latches, the 
processor can determine the period of the next half 
cycle during each half cycle of the output signal on 
PB7. In this manner, very complex waveforms can be 
generated. Timing for the free-running mode is shown 
in Figure 19. 
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WRITE T1C-H 
OPERATION | | / 


{RQ OUTPUT 


PB7 OUTPUT | 
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Note: A precaution to take in the use of PB7 as the timer output concerns the Data Direction Register contents for PB7. Both 
DDRB bit 7 and ACR bit 7 must be 1 for PB7 to function as the timer output. If either isa 0, then PB7 functions as a normal 


output pin, controlled by ORB bit 7. 


Figure 19. Timer 1 Free-Run Mode Timing 


Timer 2 Operation 


Timer 2 operates as an interval timer (in the ‘’one- 
slot’’ mode only), or as a counter for counting nega- 
tive pulses on the PB6 peripheral pin. A single con- 
trol bit is provided in the Auxiliary Control Register 
to select between these two modes. This timer is com- 
prised of a “‘write-only” low-order latch (T2L-L), a 
“read-only”’ low-order counter and a read/write high 
order counter. The counter registers act as a 16-bit 
counter which decrements at ®2 rate. Figure 20 illus- 
trates the T2 Counter Registers. 


REG 8 — TIMER 2 LOW-ORDER COUNTER 


BOG BER 


WRITE — 8 BITS LOADED INTO T2 LOW-ORDER 
LATCHES. 
READ— 8 BITS FROM T2 LOW-ORDER COUNTER 


TRANSFERRED TO MPU T2 INTERRUPT 
FLAG IS RESET 


Timer 2 One-Shot Mode 


As an interval timer, T2 operates in the ‘’one-shot”’ 
mode similar to Timer 1. In this mode, T2 provides a 
single interrupt for each “‘write T2C-H” operation. 
After timing out, (reading 0) the counters “roll-over” 
to all 1’s (FFFF4g) and continue decrementing, al- 
lowing the user to read them and determine how long 
T2 interrupt has been set. However, setting of the 
interrupt flag will be disabled after initial time-out 
so that it will not be set by the counter continuing to 
decrement through zero. The processor must rewrite 
T2C-H to enable setting of the interrupt flag. The 
interrupt flag is cleared by reading T2C-L or by 
writing T2C-H. Timing for this operation is shown in 
Figure 18. 


REG 9 — TIMER 2 HIGH-ORDER COUNTER 


BOOBBReo 


256 
512 


1024 


2048 COUNT 
VALUE 

4096 

8192 

16384 

32768 


WRITE — 8 BITS LOADED INTO T2 HIGH-ORDER 
COUNTER ALSO, LOW-ORDER LATCHES 
TRANSFERRED TO LOW-ORDER 
COUNTER IN ADDITION, T2 INTERRUPT 
FLAG IS RESET 


READ — 8 BITS FROM T2 HIGH-ORDER COUNTER 
TRANSFERRED TO MPU 


Figure 20. T2 Counter Registers 
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Timer 2 Pulse Counting Mode 


In the pulse counting mode, T2 serves primarily to 
count a predetermined number of negative-going 
pulses on PB6. This is accomplished by first loading 
a number into T2. Writing into T2C-H clears the in- 
terrupt flag and allows the counter to decrement each 
time a pulse is applied to PB6. The interrupt flag will 
be set when T2 reaches zero. At this time the counter 
will continue to decrement with each pulse on PB6. 
However, it is necessary to rewrite T2C-H to allow 
the interrupt flag to set on subsequent down-counting 
operations. Timing for this mode is shown in Figure 
21. The pulse must be low on the leading edge of ®2. 


Shift Register Operation 

The Shift Register (SR) performs serial data transfers 
into and out of the CB2 pin under control of an in- 
ternal modulo-8 counter. Shift pulses can be applied 
to the CB1 pin from an external source or, with the 
proper mode selection, shift pulses generated inter- 
nally will appear on the CB1 pin for controlling ex- 
ternal devices. 


The control bits which select the various shift register 
operating modes are located in the Auxiliary Control 
Register. Figure 22 illustrates the configuration of the 
SR data bits and the SR control bits of the ACR. 


Figures 23 and 24 illustrate the operation of the vari- 
ous shift register modes. 


WRITE T2C-H 
OPERATION 


PB6 INPUT 


{RQ OUTPUT 


oh on 
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Interrupt Operation 


Controlling interrupts within the SY6522 involves 
three principal operations. These are flagging the in- 
terrupts, enabling interrupts and signaling to the pro- 
cessor that an active interrupt exists within the chip. 
Interrupt flags are set by interrupting conditions 
which exist within the chip or on inputs to the chip. 
These flags normally remain set until the interrupt 
has been serviced. To determine the source of an in- 
terrupt, the microprocessor must examine these flags 
in order from highest to lowest priority. This is ac- 
complished by reading the flag register into the pro- 
cessor accumulator, shifting this register either right 
or left and then using conditional branch instructions 
to detect an active interrupt. 


Associated with each interrupt flag is an interrupt 
enable bit. This can be set or cleared by the proces- 
sor to enable interrupting the processor from the cor- 
responding interrupt flag. If an interrupt flag is set to 
a logic 1 by an interrupting condition, and the corres- 
ponding interrupt enable bit is set to a 1, the Inter- 
rupt Request Output (IRQ) will go low. IRQ is an 
“open-collector’’ output which can be ‘‘wire-or’ed’’ 
with other devices in the system to interrupt the 
processor. 


In the SY6522, all the interrupt flags are contained 
in one register. In addition, bit 7 of this register will 
be read as a logic 1 when an interrupt exists within 
the chip. This allows very convenient polling of sev- 
eral devices within a system to locate the source of 
an interrupt. 
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Figure 21. Timer 2 Pulse Counting Mode 


REG 10 — SHIFT REGISTER 


tes} ets 2} +o) 
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SHIFT 
REGISTER 
BITS 


NOTES 

1 WHEN SHIFTING OUT, BIT 7 IS THE FIRST BIT 
OUT AND SIMULTANEOUSLY IS ROTATED BACK 
INTO BIT 0 

2 WHEN SHIFTING IN, BITS INITIALLY ENTER 
BIT 0 AND ARE SHIFTED TOWARDS BIT 7 


REG 11 — AUXILIARY CONTROL REGISTER 
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CSanorea 


SHIFT REGISTER 
MODE CONTROL 


OPERATION 

pO}o] DISABLED) Cd 
fo[1{ SHIFTINUNDERCONTROLOFT2 | 
[o| SHIFTINUNDERCONTROLOF #2 | 
[1] SHIFT IN UNDER CONTROL OF EXTCLK _| 
[o| SHIFT OUT FREE-RUNNING ATT2 RATE _| 
Ea 
0 | 
| 


4 
0 | 
0 | 
1 
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SHIFT OUT UNDER CONTROL OF T2 


SHIFT OUT UNDER CONTROL OF #9 


SHIFT GUT UNDER CONTROL OF EXT CLK 


Figure 22. SR and ACR Control Bits 
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SR Disabled (000) 

The 000 mode is used to disable the Shift Register. In this mode the microprocessor can write or read the SR, but the 
shifting operation is disabled and operation of CB1 and CB2 is controlled by the appropriate bits in the Peripheral 
Control Register (PCR). In this mode the SR Interrupt Flag is disabled (held to a logic 0). 


Shift in Under Control of T2 (001) 

In the 001 mode the shifting rate is controlled by the low order 8 bits of T2. Shift pulses are generated on the CB1 pin 
to control shifting in external devices. The time between transitions of this output clock is a function of the system 
clock period and the contents of the low order T2 latch (N). 


The shifting operation is triggered by writing or reading the shift register. Data is shifted first into the low order bit 
of SR and is then shifted into the next higher order bit of the shift register on the negative-going edge of each clock 
pulse. The input data should change before the positive-going edge of the CB1 clock pulse. This data is shifted into 
the shift register during the $2 clock cycle following the positive-going edge of the CB1 clock pulse. After 8 CB1 
clock pulses, the shift register interrupt flag will be set and TRO will go low. 


WRITE OR READ 
SHIFT REG 
N+2 CYCLES a ed ee ee 


CB1 OUTPUT 
SHIFT rer ——]_, [2 [— 1277 


sear" TTL XTX = XTX =X] (XX. 
Poserassrenstaiecsiincnianin snnaetn 


Shift in Under Control of 62 (010) 


In mode 010 the shift rate is a direct function of the system clock frequency. CB1 becomes an output which 
generates shift pulses for controlling external devices. Timer 2 operates as an independent interval timer and has no 
effect on SR. The shifting operation is triggered by reading or writing the Shift Register. Data is shifted first into 

bit 0 and is then shifted into the next higher order bit of the shift register on the trailing edge of each $9 clock pulse. 
After 8 clock pulses, the shift register interrupt flag will be set, and the output clock pulses on CB1 will stop. 
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| 

ame MMM OE EE ED ED ED ED ED UMM 

mem: 


Shift in Under Control of External CB1 Clock (011) 

In mode 011 CB1 becomes an input. This allows an external device to load the shift register at its own pace. The 
shift register counter will interrupt the processor each time 8 bits have been shifted in. However, the shift register 
counter does not stop the shifting operation; it acts simply as a pulse counter. Reading or writing the Shift 
Register resets the Interrupt flag and initializes the SR counter to count another 8 pulses. 


Note that the data is shifted during the first system clock cycle following the positive-going edge of the CB1 shift 
pulse. For this reason, data must be held stable during the first full cycle following CB1 going high. 


D2 


CB1 INPUT 1 2 3 4 8 
SHIFT CLOCK 


- DATA LL 2. Kl] LETTE Wi 
7RO 


Figure 23. Shift Register Input Modes 
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Shift Out Free-Running at T2 Rate (100) 

Mode 100 is very similar to mode 101 tn which the shifting rate is set by T2. However, in mode 100 the SR Counter 
does not stop the shifting operation. Since the Shift Register bit 7 (SR7) is recirculated back into bit 0, the 8 bits 
loaded into the shift register will be clocked onto CR2 repetitively. In this mode the shift register counter is disabied, 
and IRQ is never set. 


2 


WRITE SR 
OPERATION 


N+2 CYCLES N+2 CYCLES | 
CB1 OUTPUT 1 2 3 4 / 8 | | 9 
SHIFT CLOCK 


para SWAN FX Xs XK Xt XK 


Shift Out Under Control of T2 (101) 
In mode 101 the shift rate is controlled by T2 (as in the previous mode). However, with each read or write of the shift 
register the SR Counter is reset and 8 bits are shifted onto CB2. At the same time, 8 shift pulses are generated on CB1 
to control shifting in external devices. After the 8 shift pulses, the shifting is disabled, the SR Interrupt Flag is set and 
CB2 remains at the last data level. 

® 


2 
CLOCK 


WRITE SR 
OPERATION 


N+2 CYCLES N+2 CYCLES 


CB1 OUTPUT 1 2 3 8 
SHIFT CLOCK 


DATA NNW KK 
“TRO 


Shift Out Under Control of ¢2 (110) 
In mode 110, the shift rate is controlled by the ¢ system clock. 


de 
CLOCK 


| | 
WRITE SR 
OPERATION 
CB1 OUTPUT 1 2 3 4 / 7 | | 8 | 


SHIFT CLOCK 


oe2 OUTPUT TMX OOO 


Mey ee 


Shift Out Under Control of External CB1 Clock (111) 

In mode 111 shifting is controlled by pulses applied to the CB1 pin by an external device. The SR counter sets the SR 
Interrupt flag each time it counts 8 pulses but it does not disable the shifting function. Each time the microprocessor 
writes or reads the shift register, the SR Interrupt flag is reset and the SR counter is initialized to begin counting the 
next 8 shift pulses on pin CB1. After 8 shift pulses, the interrupt flag is set. The microprocessor can then load the 
shift register with the next byte of data. 
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WRITE SR 
OPERATION 


CB1 INPUT 
SHIFT CLOCK 
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Figure 24. Shift Register Output Modes 
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The Interrupt Flag Register (IFR) and Interrupt En- 
able Register (IER) are depicted in Figures 25 and 
26, respectively. 


The IFR may be read directly by the processor. In ad- 
dition, individual flag bits may be cleared by writing 
a “1” into the appropriate bit of the IFR. When the 
‘proper chip select and register signals are applied to 
the chip, the contents of this register are placed on 
the data bus. Bit 7 indicates the status of the |RO out- 
put. This bit corresponds to the logic function: [RQ = 
IFR6x lER6+IFR5 x (ER5+1FR4x IER4+1FR3x 
IER3 + 1FR2x 1ER2+1FR1x 1ER1+ 1FROx IERO. 
Note: X = logic AND, + = Logic OR. 


The IFR bit 7 is not a flag. Therefore, this bit is not 
directly cleared by writing a logic 1 into it. It can 
only be cleared by clearing all the flags in the register 
or by disabling all the active interrupts as discussed 
in the next section. 


REG 13 — INTERRUPT FLAG REGISTER 


7] {5} 4] 3] 2] J9| 


CLEARED BY 


CA2 ACTIVE EDGE READ OR WRITE 

oA2 ACTIVE EDGE | Rea toRar 
REG 1 (ORA 

COMPLETE 8 SHIFTS} READ OR WRITE 
SHIFT REG 


CB2 ACTIVE EDGE READ OR WRITE ORB* 
CB1 ACTIVE EDGE READ OR WRITE ORB 


WRITE T2 HIGH 
TIME-OUT OF T1 READ T1 LOW OR 

WRITE T1 HIGH 
ANY ENABLED CLEAR ALL 
INTERRUPT INTERRUPTS 


* IF THE CA2/CB2 CONTROL IN THE PCR IS SELECTED AS 
“INDEPENDENT” INTERRUPT INPUT, THEN READING OR 
WRITING THE OUTPUT REGISTER ORA/ORB WILL NOT 
CLEAR THE FLAG BIT. INSTEAD, THE BIT MUST BE 
CLEARED BY WRITING INTO THE IFR, AS DESCRIBED 
PREVIOUSLY 


Figure 25. Interrupt Flag Register (IFR) 


For each interrupt flag in IFR, there is a corres- 
ponding bit in the Interrupt Enable Register. The 
system processor can set or clear selected bits in 
this register to facilitate controlling individual inter- 
rupts without affecting others. This is accomplished 
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by writing to address 1110 (IER address). If bit 7 of 
the data placed on the system data bus during this 
write operation is a 0, each 1 in bits 6 through O 
clears the corresponding bit in the Interrupt Enable 
Register. For each zero in bits 6 through O, the cor- 
responding bit is unaffected. 


Setting selected bits in the Interrupt Enable Register 
is accomplished by writing to the same address with 
bit 7 in the data word set to a logic 1. In this case, 
each 1 in bits 6 through O will set the corresponding 
bit. For each zero, the corresponding bit will be un- 
affected. This individual control of the setting and 
clearing operations allows very convenient control of 
the interrupts during system operation. 


In addition to setting and clearing IER bits, the pro- 
cessor canread the contents of this register by placing 
the proper address on the register select and chip 
select inputs with the R/W line high. Bit 7 will be 
read as a logic 1. 


REG 14 — INTERRUPT ENABLE REGISTER 


BEORBEHG 


CA2 


LP 


CA1 

SHIFT REG 
CB2 0 = INTERRUPT DISABLED 
CB1 1= INTERRUPT ENABLED 
TIMER 2 

TIMER 1 

SET/CLEAR 


NOTES: 

1 IF BIT71SA “0”, THEN EACH “1” IN BITS 0 - 6 DISABLES THE 
CORRESPONDING INTERRUPT 

2.1F BIT 71S A “1”, THEN EACH “1” IN BITS 0 - 6 ENABLES THE 
CORRESPONDING INTERRUPT. 

3 IF A READ OF THIS REGISTER IS DONE, BIT 7 WILL BE “1” AND 
ALL OTHER BITS WILL REFLECT THEIR ENABLE/DISABLE STATE 


Figure 26. Interrupt Enable Register (IER) 


Package Availability 40 Pin Molded DIP 


Ordering Information 


Order Package Frequency 
Numbrer Type Option 
SYP6522 Molded DIP 

SYP6522A Molded DIP 


SYPJ6522 Molded J Lead 
SYPJ6522A Molded J Lead 
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SY6532 


RAM, I/O, 
Timer Array 


Features 


@ 8-Bit Bi-directional Data Bus for Direct Communication @ Programmable Interval Timer 
with the Microprocessor @ Programmable Interval Timer Interrupt ! 
@ Programmable Edge-sensitive Interrupt @ TTL & CMOS Compatible Peripheral Lines 
@ 128 x 8 Static RAM @ Peripheral Pins with Direct Transistor Drive Capability 
@ Two 8-bit Bi-directional Data Ports for Interface to @ High Impedance Three-State Data Pins 
Peripherals 
Two Programmable I/O Peripheral Data Direction 
Registers 


Description 


The SY6532 ts designed to operate in conjunction with the sor unit and peripheral devices. a software programmable 
SY6500 Microprocessor Family. It is comprised of a 128 x8 interval timer with interrupt capable of timing in various 
static RAM, two software controlled 8-bit bi-directional data intervals from 1 to 262,144 clock periods, and a program- 
ports allowing direct interfacing between the microproces- mable edge-detect interrupt circuit. 


Block Diagram 


DATA TPUT DATA 
DIRECTION OUTPUT PERIPHERAL PERIPHERAL OU DIRECTION 


BE CISTER REGISTER DATA BUFFER DATA BUFFER REGISTER REGISTER 
: A A B B B 


DATA INTERRUPT 


ADDRESS CHIP SELECT INTERVAL 


BUS CONTROL 
BUFFER DECODER LOGIC LOGIC TIMER 


CS1 CS2 @2 R/W RES 
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Maximum Ratings 


one 


Storage Temperature Range -55 to +150 


(Three State), Vij, = 0.4V to 2 4V, DO-D7 
1H 
Input Low Current; Vi, = 0 4V ie 
PAO-PA7, PBO-PB7 
LOAD <3 mA(PBO-PB 7) 


Input Leakage Current, Viy = Vgs +5V 

AO-A6, RS, R/W, RES, 02, CS1, CS2 

Input High Current, Vij = 2.4V 

Output High Voltage 

Output Low Voltage; Vec = Min, lLoap | 16 MA 
-100 -1000 
30 5.0 


Input Leakage Current; for High Impedance State 
| -100 -300 
PAO-PA7, PBO-PB7 
1.6 
Vec = MIN, ILoap <= -100 wA (PAO-PA7, PBO-PB7, DO-D7) 
Output High Current (Sourcing), 


Von 2 2 4V (PAO-PA7, PBO-PB7, DO-D7) 
=> 1.5V Available for direct transistor drive (PBO-PB7) 


Output Low Current (Sinking); Vo. <= 0.4V 


Tesi Load 


OPEN COLLECTOR 
OUTPUT TEST LOAD 


5V 
3KQ 
PIN 


PIN 


100 pF 


C = 130 pF MAX. FOR DBO-DB7 
C = 30 pF MAX FOR ALL OTHER OUTPUTS = 
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Write Timing Characteristics 


2 -X_| aa 


a, a= 
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Read Timing Characteristics 


CLOCK 


le 
= oem\\\\ Cl | 
=o oan \ an 


DATA BUS 
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Write Timing Characteristics 


Cycle Time 


@2 Pulse Width 
Address Set-Up Time 
Address Hold Time 


R/W Hold Time 
Data Bus Set-Up Time 


NOTE tr, tf = 10 to 30ns. 


Read Timing Characteristics 


Parameter 
Cycle Time 
Address Set-Up Time 
Address Hold Time 


Peripheral Data Set-Up Time 


Data Bus Delay Time 


Data Bus Hold Time 
NOTE: tr, tf = 10 to 30ns. 


Interface Signal Description 


Reset (RES) 

During system initialization a Logic ‘0’ on the RES input will cause a zeroing of all four I/O registers. This in turn 
will cause all I/O buses to act as inputs thus protecting external components from possible damage and erroneous data 
while the system 1s being configured under software control. The Data Bus Buffers are put into an OFF-STATE during 
Reset. Interrupt capability 1s disabled with the RES signal. The RES signal must be held low for at least one clock 
period when reset 1s required. 


Input Clock 

he input clock 1s a system Phase Two clock which can be either a low level clock (Vj, < 0.4, VIH > 2.4) or high 
level clock (VIL <0.2, ViIH = Vee 5), 

Read/Write (R/W) 


The R/W signal is supplied by the microprocessor and is used to control the transfer of data to and from the SY6532. 
A high on the R/W pin allows the processor to read (with proper addressing) the SY6532. A low on the R/W pin 
allows a write (with proper addressing) to the SY6532. 
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c 
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Interrupt Request (RQ) 


The IRQ output is derived from the interrupt control logic. It will normally be high with a low indicating an 
interrupt from the SY6532. IRQ 1s an open-drain output, permitting several units to be wire-or’ed to the common IRQ 
microprocessor input pin. The IRQ output may be activated by a transition on PA7 or timeout of the Interval Timer. 


Data Bus (DO-D7) 


The SY6532 has eight bi-directional data lines (DO-D7). These lines connect to the system’s data bus and allow transfer 
of data to and from the microprocessor. The output buffers remain in the off state except when a Read operation occurs. 
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Peripheral Data Ports (PAO-PA7, PBO-PB7) 


The SY6532 has two 8-bit peripheral I/O Ports, Port A (lines PAO-PA7) and Port B (lines PBO-PB7). Each line is 
individually programmable as either an input or an output. By writing a “0”’ to any bit position of the Data Direction 
Register (DDRA or DDRB) the corresponding line will be programmed as an input. Likewise, by writing a ‘‘1”’ to any 
bit position in DDRA or DDRB will cause the corresponding line to act as an output. 


When a Port line is programmed as an input and its ouput register (ORA or ORB) is read by the MPU, the TTL level on 
the Port line will be transferred to the data bus. When the Port lines are programmed as outputs, the lines will reflect the 
data written by the MPU into the output registers. See Edge Sense Interrupt Section for an additional use of PA7. 


Address and Select Lines (A0-A6G, RS, CS1 and CS2) 


AO-A6 and RS are used to address the RAM, I/O registers, Timer and Flag register. CS1 and CS2 are used to select 
(enable access to) the SY6532. 


Internal Organization 


A block diagram of the internal architecture 1s shown in Figure 1. The SY6532 1s divided into four basic sections: 
RAM, I/O, Timer, and Interrupt Control. The RAM interfaces directly with the microprocessor through the system 
data bus and address lines. The I/O section consists of two 8-bit halves. Each half contains a Data Direction Register 
(DDR) and an I/O register. 

RAM 128 Bytes (1024 Bits) 


A 128 x 8 static RAM 1s contained on the SY6532. It is addressed by AO-A6 (Byte Select), RS, CSI, and CS2. 


Internal Peripheral Registers 


There are four 8-bit internal registers: two data direction registers and two output registers. The two data direction 
registers (A side and B side) control the direction of the data into and out of the peripheral I/O. A logic zero in a bit 
of the data direction register (DDRA and DDRB) causes the corresponding line of the I/O port to act as an input. A 
logic one causes the corresponding line to act as an output. The voltage on any line programmed as an output is deter- 
mined by the corresponding bit in the output register (ORA and ORB). 


Data is read directly from the PA lines during a peripheral read operation. For a PA pin programmed as an output, the 
data transferred into the processor will be the same as the data in the ORA only if the voltage on the line is allowed to 
be 2 2.4 volts for a logic one and < 0.4 volts for a zero. If the loading on the line does not allow this, then the data 
resulting from the read operation may not match the contents of ORA. 


The output buffers for the PB lines are somewhat different from the PA buffers. The PB buffers are push-pull devices 
which are capable of sourcing 3 mA at 1.5 volts. This allows these lines to directly drive transistor circuits. To assure that 
the processor will read the proper data when performing a peripheral read operation, logic is provided in the peripheral 

B port to permit the processor to read the contents of ORB, instead of the PB lines. 


Interval Timer 
The Timer section of the SY6532 contains three basic parts: preliminary divide down register, programmable 8-bit register 


and interrupt logic. These are illustrated in Figure 2. 


The Interval Timer can be programmed to count up to 256 time intervals. Each time interval can be either 1T, 8T, 64T, or 
1024T increments, where T is the system clock period. When a full count is reached, the interrupt flag is set to a logic 
1°’, After the interrupt flag is set the internal clock continues counting down, but at a 1T rate to a maximum of -255T. 
This allows the user to read the counter and then determine how long the interrupt has been set. 


The 8-bit system Data Bus is used to transfer data to and from the Interval Timer. If a count of 52 time intervals were 
to be counted, the pattern 00 1 1 0 1 0 0 would be put on the Data Bus and written into the Interval Time register: 
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At the same time that data 1s being written to the Interval Timer, the counting intervals of 1, 8, 64, 1024T are decoded 
from address lines AO and Al. During a Read or Write operation address line A3 controls the interrupt capability of 
IRQ, ice., A3 = 1 enables IRQ, A3 = 0 disables IRQ. In either case, when timeout occurs, bit 7 of the Interrupt Flag 
Register is set. This flag is cleared when the Timer register 1s either read from or written to by the processor. If IRQ is 
enabled by A3 and an interrupt occurs IRQ will go low. When the Timer is read prior to the interrupt flag being set, the 
number of time intervals remaining will be read, i.e., 51, 50, 49, etc. 


When the Timer has counted down to 0000000 0 an interrupt will occur on the next count time and the counter will 
read 11111111. After interrupt, the Timer register decrements at a divide by ‘“‘1” rate of the system clock. If after 
interrupt, the Timer is read and a value of 1 11001 0 0 is read, the time since interrupt is 28T. The value read is in two’s 


complement. 
Value read =11100100 
Complement =00011011 
Add 1 =00011100=28. 
Figure 2. BASIC ELEMENTS OF INTERVAL TIMER 
R/W PAT A3 D7 D6 D5 D4 D3 D2 D1 DO R/W Al AO 
ae INTERRUPT PROGRAMMABLE DIVIDE a 
ie CONTROL REGISTER DOWN 
+ | 
D7 D6 D5 D4 D3 D2 D1 DO 


Thus, to arrive at the total elapsed time, merely do a two’s complement and add to the original time written into the Timer. 
Again, assume time written as 00 110100 (52). With a divide by 8, total time to interrupt is (52 x 8) + 1 =417T. 
Total elapsed time would be 416T + 28T = 444T, assuming the value read after interrupt was 1 1100100. 


After an interrupt, whenever the Timer is written or read the interrupt is reset. However, the reading of the Timer at the 
same time the interrupt occurs will not reset the interrupt flag. 


Figure 3 illustrates an example of interrupt. 


Figure 3. TIMER INTERRUPT TIMING 
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02 IN lo | E | | 2 | ls | [ 5 | [a] [a | [ «6 | [0 | | 50: | 
¢ 
WRITE T | | 


a a 
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1. Data written into Interval Timers is00110100=5219 4. Interrupt has occurred at 02 pulse #416 


2. Data in Interval timerisO0011001=25j9 Data in Interval Timer = 11111111 
5) - _ 1 =52-26-1 =25 5. Data in Interval Timer is 10101100 
two’s complement 1s01010100= 84]9 
3. Data in dnterval Timer isO0000000= 049 84 + (52 x 8) = 50019 


22g eS 2- 110 


When reading the Timer after an interrupt, A3 should be low so as to disable the IRQ pin. This is done so as to avoid 
future interrupts until after another Write operation. 
Interrupt Flag Register 


The Interrupt Flag Register consists of two bits: the timer interrupt flag and the PA7 interrupt flag. When a read 


operation is performed on the Interrupt Flag Register, the bits are transferred to the processor on the data bus, as 
the diagram below, indicates. 


Figure 4. INTERRUPT FLAG REGISTER 


| PA7 FLAG 


TIMER FLAG 


The PA7 flag 1s cleared when the Interrupt Flag Register is read. The timer flag is cleared when the timer register is 
either written or read. 


Addressing 


Addressing of the SY6532 is accomplished by the 7 address inputs, the RS input and the two chip select inputs CS1 and 
CS2. To address the RAM, CS1 must be high with CS2 and RS low. To address the I/O and Interval Timer CS1 and RS must 
be high with CS2 low. As can be seen to access the chip CS1 is high and C82 is low. To distinguish between RAM or 
1/O-Timer Section the RS input is used. When this input is low the RAM is addressed, when high the I/O Interval Timer 
section is addressed. To distinguish between Timer and I/O, address line A2 is utilized. When A2 is high the Interval Timer 
is accessed. When A2 is low the I/O section is addressed. Table 1 illustrates the chip addressing. 


Edge Sense Interrupt 


In addition to its use as a peripheral I/O line, PA7 can function as an edge sensitive input. In this mode, an active 
transition on PA7 will set the internal interrupt flag (bit 6 of the Interrupt Flag Register). When this occurs, and 
providing the PA7 interrupt is enabled, the IRQ output will go low. 


Control of the PA7 edge detecting logic is accomplished by performing a write operation to one of four addresses. 
The data lines for this operation are ‘‘don’t care”’ and the addresses to be used are found in Table 1. 


The setting of the internal interrupt flag by an active transition on PA7 is always enabled, whether PA7 is set up as an 
input or an output. . 


The RES signal disables the PA7 interrupt and sets the active transition to the negative edge-detect state. During the 
reset operation, the interrupt flag may be set by a negative transition. It may, therefore, be necessary to clear the flag 
before its normal use as an edge detecting input 1s enabled. This can be achieved by reading the Interrupt Flag Register. 


1/O Register - Timer Addressing 


Table 1 illustrates the address decoding for the internal elements and timer programming. Address line A2 distin- 
guishes I/O registers from the Timer. When A2 is low and RS is high, the I/O registers are addressed. Once the I/O 
registers are addressed, address lines Al and AO decode the desired register. 


When the timer 1s selected Al and AO decode the “‘divide-by”’ matrix. This decoding is defined in Table 1. In addition, 
Address A3 1s used to enable the interrupt flag to IRQ. 
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Table 1 ADDRESSING DECODE 


FUNCTION. |S 


RAM 

ORA 

DDRA 

ORB 

DDRB 

Timer, +1, IRQ ON 
Timer, +8, IRQ ON 
Timer, +64, IRQ ON 
Timer, +1024, IRQ ON 
Timer, +1, IRQ OFF 
Timer, +8, IRQ OFF 
Timer, +64, IRQ OFF 
Timer, +1024, IRQ OFF 
Read Timer, IRQ ON 
Read Timer, IRQ OFF 
Read Interrupt Flags 


PAT IRQ OFF, NEG 
EDGE 


PA7 IRQ OFF, POS 
EDGE 


PAT IRQ ON, NEG 
EDGE 


PA7 IRQ ON, POS 
EDGE 


NOTES: X=ADDRESS -= ADDRESS BITS DON’T CARE «= DATA BITS ARE “DON’T CARE” 


a 
HN 


ee ae ee ee 


Eo ig, ee eA ee 4, ee Se 


TCettrtortrtettcttct ecto 
SA © 2 SR Se a en Sa a a ag oe ee 


Package Availability 40 Pin Molded DIP 


Ordering Information 


MICRO- 
PROCESSORS 


SYP6532 Molded DIP 1 MHz 
SYP6532A Molded DIP 2 MHz 
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SY6845R 
CRT Controller 


Features 


@ Single +5 volt (45%) power supply. External light pen capability. 
® Alphanumeric and limited graphics capabilities. Capable of addressing up to 16K character Video 
@ Fully programmable display (rows, columns, blank- Display RAM. 


Ing, etc.). No DMA required. 


Interlaced or non-interlaced scan. Compatible with MC6845R. 
50/60 Hz operation. 


Straight-binary addressing for Video Display RAM. 
Fully programmable cursor. 


Description 


The SY6845 is a CRT Controller intended to provide is the inclusion of several modes of operation, so that the 
capability for interfacing any microprocessor family to system designer can configure the system with a wide 
CRT or TV-type raster scan displays. A unique feature assortment of techniques. 


Pin Designation Interface Diagram 


HSYNC 
VSYNC 


DISPLAY ENABLE 
SY6845 CRTC CURSOR 


LPEN 
CCLK 


CCO/MAO [] 
CC1/MA1[] 
CC2/MA2 [I 
CC3/MA3 [ 
cc4/mA4 [] 
CC5/MA5 [] ey 
cce/mas oe 
CC7/MA7 (4 
CRO/MA8 [] 
CR1/MAQ [] 
CR2/MA10 [] 
CR3/MA11(] 
CR4/MA12 [] 
CR5/MA13 [J 
DISPLAY ENABLE [ ] 


oon OO fF WwW DH A 


MAO-MA13 RAO-RA4 


VIDEO DISPLAY RAM AND CHARACTER ROM 
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Absolute Maximum Ratings* Comments* 

Supply Voltage, Wee -0.3V to +7.0V Stresses above those listed under ‘‘Absolute Maximum Ratings 
may cause permanent damage to the device. These are stress 

Input/Output Voltage, Vin -0.3V to +7.0V 


ratings only Functional operation of this device at these or any 
@] ° 
Operating Temperature, Top O0Cto70C other conditions above those indicated in the operational! sec- 


Storage Temperature, TstcG -55°C to 150°C tions of this specification is not implied and exposure to absolute 


maximum rating conditions for extended periods may atfect 


i j j ; d habil 
All inputs contain protection circuitry to prevent damage ee ate 


due to high static discharges. Care should be exercised 
to prevent unnecessary application of voltages in excess 
of the allowable limits. 


Electrical Characteristics (Vcc = 5.0V + 5%, Ta = 0-70°C, unless otherwise noted) 


[Smbor [Chartered ri 
vn | tomo tign vores «LO oe | 
0 

[Tw | pur Leakage (2, Ri, FES, CB AS LPEN, GOL) || df 


ITsI Three-State Input Leakage (DBO-DB7) +10.0 UA 
Vin = 0.4 to 2.4V 


Output High Voltage 
ILoAD = —205yuA (DBO-DB7) 
ILoAD = —100,A (all others) 


VIH 

VIL 

lin 

VoL Output Low Voltage V 
ILOAD = 1.6mA 


Power Dissipation 


Input Capacitance 
2, R/w, RES, CS, RS, LPEN, CCLK 
DBO-DB7 


Test Load 


oO 
Poa 
oO 
= 


PROCESSORS 


SY6545 PIN 


I 


R = 11K2. FOR DBg-DB7 

R = 24KQ FOR ALL OTHER OUTPUTS 
C = 130 pF TOTAL FOR Do-D7 

C = 30 pF ALL OTHER OUTPUTS 


4-59 


Synertek. 


MPU Bus Interface Characteristics 


WRITE CYCLE READ CYCLE 
tcyc tcYc 
PWEH PwEH > 


E PWEL E 


RS yy (— + tas 


— PWeEL 


t 
tc 


CS, R/W a es Sn tog — tDHR 


DA 


Write Timing Characteristics (Vee= 5.0V +5%, Ta =0- 70°C, unless otherwise noted) 


SY6845R SY6845RA SY6845RB SY6845RC 
Symbol Characteristic 


amin. [Mex| Min 
a a 


(t,andt; = 10 to 30ns) 


sie : 
els 


Read Timi ng Characteristics (Voc =5.0V +5%, T, =0— 70°C, unless otherwise noted) 


SY6845R SY6845RA SY6845RB SY6845RC 
Symbol Characteristic | Min. 


Pian. [Max 
tre | OweTme SCC 
owen | & Pulse Wath, High ——~SC*C | 
a 
Ps 


tax | Adress HoldTime ——~SC*d | 
ies | RW, CS setup tine «dt | 

tom | ReadHoldTime ——=S=S« =| | a | 
ton [Data Bus Active Timo invaid bata) | 40 | — | «0 | — 


(t, and t; = 10 to 30ns) 


) 
N are 
No 


No 
als 
N 


SY6845R 


im. 
ae J, ee i 


Unit 
us 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 
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Memory and Video Interface Characteristics (Vcc =5 OV + 5%, Ta=0 to 70°C, unless otherwise noted) 


tccy 
PWoL 
20V 20V 
CCLK 
08V O8V O8V 
tr + ty 
ecu 24V 
MAO-MA13 
04V 
tMAD 'MAD 
24V 
RAO-RA4 
04V 
tRAD TRAD 
24V 
DISPLAY ENABLE 
O4V 
toTp ‘DTD 
24V 
HSYNC, VSYNC 
04v 
THSD tHSD 
tvsD tvsD 
24V 
CURSOR aay 
‘cDD tcDD 
toto Display Timing Delay Time a 300 ns 
tusp Horizontal Sync Delay Time Pt 300 ns 
tepp Cursor Display Timing Delay Time a a eee ns 


Light Pen Strobe Timing 2 
=3 
LPEN re 


NOTE 

“Safe’’ time position for LPEN positive edge to cause 
address n+2 to load into Light Pen Register 

tLp2 and t,p, are time positions causing uncertain results 


t, and ts; = 20ns (max.) 
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MPU Interface Signal Description 
E (Enable) 


The enable signal is the system input and is used to trigger 
all data transfers between the system microprocessor and 
the SY6845. Since there is no maximum limit to the 
allowable E cycle time, it is not necessary for it to bea 
continuous clock. This capability permits the SY6845 to 
be easily interfaced to non-6500-compatible micropro- 
cessors. 


R/W (Read/Write) 


The R/W signal is generated by the microprocessor and is 
used to control the direction of data transfers. A high on 
the R/W pin allows the processor to read the data sup- 
plied by the SY6845; a low on the R/W pinallows a write to 
the SY6845. 


CS (Chip Select) 


The Chip Select input is normally connected to the pro- 
cessor address bus either directly or through a decoder. 
The SY6845 is selected when CS is low. 


RS (Register Select) 


The Register Select input is used to access interna! re- 
gisters. A low on this pin permits writes into the Address 
‘Register and reads from the Status Register. The contents 
of the Address Register is the identity of the register 
accessed when RS is high. 


DBo-DB7 (Data Bus) 


The DBo-DB7 pins are the eight data lines used for trans- 
fer of data between the processor and the SY6845. These 
lines are bi-directional and are normally high-impedance 
except during read cycles when the chip is selected. 


Video Interface Signal Description 
HSYNC (Horizontal Sync) 


The HSYNC signal is an active-high output used to deter- 
mine the horizontal position of displayed text. It may 
drive a CRT monitor directly or may be used for com- 
posite video generation. HSYNC time position and width 
are fully programmable. 


VSYNC (Vertical Sync) 


The VSYNC signal is an active-high output used to 
determine the vertical position of displayed text. Like 
HSYNC, VSYNC may be used to drive a CRT monitor 
or composite video generation circuits. VSYNC position 
and width are both fully programmable. 


DISPLAY ENABLE 


The DISPLAY ENABLE signal is an active-high output 
and is used to indicate when the SY6845 is generating 


active display information. The number of horizontal 


displayed characters and the number of vertical displayed 
characters are both fully programmable and together 
are used to generate the DISPLAY ENABLE signal. 


CURSOR 


The CURSOR signal is an active-high output and is used 


to indicate when the scan coincides with the programmed 
cursor position. The cursor position may be programmed 
to be any character in the address field. Furthermore, 
within the character, the cursor may be programmed to 
be any block of scan lines, since the start scan line and 
the end scan line are both programmable. 

LPEN 


The LPEN signal is an edge-sensitive input and is used to 
load the internal Light Pen Register with the contents of 
the Refresh Scan Counter at the time the active edge 
occurs. The active edge of LPEN is the low-to-high tran- 
sition. 


CCLK 


The CCLK signal is the character timing clock input and 
is used as the time base for all internal count/control 
functions. 


RES 


The RES signal is an active-low input used to initialize 
all internal scan counter circuits. When RES is low, all 
internal counters are stopped and cleared, all scan and 
video outputs are low, and control registers are unaf- 
fected. RES must stay low for at least one CCLK period. 
All scan timing is initiated when RES goes high. In this 
way, RES can be used to synchronize display frame 
timing with line frequency. 


Memory Address Signal Description 
MA0-MA13 (Video Display RAM Address Lines) 


These signals are active-high outputs and are used to 
address the Video Display RAM for character storage 
and display operations. The starting scan address is fully 
programmable and the ending scan address is determined 
by the total number of characters displayed, which is 
also programmable, in terms of characters/line and lines/ 
frame. 


@ Binary Addressing 
Characters are stored in successive memory locations. 
Thus, the software must be developed so that row and 
column co-ordinates are translated to sequentially- 
numbered addresses for video display memory opera- 
tions. 
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RAO-RA4 (Raster Address Lines) 


These signals are active-high outputs and are used to 
select each raster scan within an tndividual character row. 
The number of raster scan lines is programmable and 
determines the character height, including spaces bet- 
ween character rows. 


Description of Internal Registers 


Figure 1 illustrates the format of a typical video display 
and is necessary to understand the functions of the 
various SY6845 internal registers. Figure 2 illustrates 
vertical and horizontal timing. Figure 3 summarizes the 
internal registers and indicates their address selection 
and read/write capabilities. 


Address Register 


This is a 5-bit register which is used as a ‘‘pointer’’ to 
direct SY6845 data transfers to and from the system 
MPU. Its contents is the number of the desired register 
(0-31). When RS is low, then this register may be 
loaded; when RS is high, then the register selected is the 
one whose identity is stored in this register. 


Status Register 


This 2-bit register is used to monitor the status of the 
CRTC, as follows: 


Pepe ee ese) 
| is NOT USED J 
VERTICAL BLANKING 


"0" Scan currently not in vertical blanking portion 
of its timing 

“41” Scan currently ts in tts vertical blanking time 

LPEN REGISTER FULL 

“0” This bit goes to ‘‘0’’ whenever either register R16 or 
R17 ts read by the MPU 

“1” This brt goes to ‘’1’’ whenever a LPEN strobe occurs 


NOT USED 


Horizontal Total (RO) 


This 8-bit register contains the total of displayed and 
non-displayed characters, minus one, per horizontal line. 
The frequency of HSYNC is thus determined by this 
register. 


Horizontal Displayed (R1) 


This 8-bit register contains the number of displayed char- 
acters per horizontal line. 


Horizontal Sync Position (R2) 


This 8-bit register contains the position of the HSYNC 
on the horizontal line, in terms of the character location 
number on the line. The position of the HSYNC deter- 


SY6845R 


mines the left-to-right location of the displayed text 
on the video screen. In this way, the side margins are 
adjusted. 


Horizontal and Vertical SYNC Widths (R3) 
This 4-bit register programs the width of HSYNC. 


8 4 2 #1 
UW 
HSYNC WIDTH 


(NUMBER OF CHARACTER 
CLOCK TIMES) 


VSYNC width is set to 16 scan line times. 


Vertical Total (R4) 


The Vertical Total Register ts a 7-bit register containing 
the total number of character rows in a frame, minus 
one. This register, along with R5, determines the overall 
frame rate, which should be close to the line frequency 
to ensure flicker-free appearance. If the frame time is 


adjusted to be longer than the period of the line fre- 
quency, then RES may be used to provide absolute 
synchronism. 


Vertical Total Adjust (R5) 


The Vertical Total Adjust Register is a 5-bit write only 
register containing the number of additional scan lines 
needed to complete an entire frame scan and 1s intended 
as a fine adjustment for the video frame time. 


Vertical Displayed (R6) 


This 7-bit register contains the number of displayed 
character rows in each frame. In this way, the vertical 
size of the displayed text is determined. 


HOR TOTAL 
1... 


| HOR DISPLAYED 


NUMBER OF 
SCAN LINES 


aN 
SVE 


rN 
heal 


os 


MeN 


PER 
CHARACTER 
ROW 


Figure 1. Video Display Format 
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Vertical Sync Position (R7) 


This 7-bit register is used to select the character row 
time at which the VSYNC pulse is desired to occur and, 
thus, is used to position the displayed text in the vertical 
direction. 

Mode Control (R8) 


This register is used to select the operating modes of the 
SY6845 and !s outlined as-follows: 


71s |s{afal2] fol 


INTERLACE MODE CONTROL 


nterlace SYNC Raster Scan 
nterlace SYNC and Video Raster Scan 


Scan Line (RQ) 


This 5-bit register contains the number of scan lines per 
character row, including spacing minus one. 


SY6845R 


Cursor Start (R10) and Cursor End (R11) 


These 5-bit registers select the starting and ending scan 
lines for the cursor. In addition, bits 5 and 6 of R10 are 
used to select the cursor mode, as follows: 


CURSOR MODE 


ce pe 
To fo | Neainkne 
ce 
oe oe 
Perr 


Blink at 16x field rate 
Blink at 32x field rate 


Note that the ability to program both the start and end 
scan line for the cursor enables either block cursor or 
underline to be accommodated. Registers R14 and R15 
are used to control the character position of the cursor 
over the entire 16K address field. 


1 


Address Reg Register Bit 


Reg 
RD | WR /|7 


6 [5/4 [3/2 (1/0 
-i-[-[-| = [address Rea [reo No || V WWadadaclailto 
Status Reg. Na : ee 


0 RO 
fofolo|1] m1 [Hone Owpaveo [rcraae | | V [olo/ele|elelole 
ai 


0 
0 
Perr Pras Fee [bl 
Position 
1 


1| R3 |VSYNC,HSYNC ” |= Scan Lines and \ 
Widths zt Char. Times \ 


Vert Total 
Vert Total Adjust | Scan Lines 


Vert Displayed = Charac Rows 
1 | RT |Vert Sync Position | Charac Rows 


Stored Info. 


me] 
” 
[> | 
Ww 
N 
= 
he 
= 


Register Name 


Horiz Total 


1 ocr 
str 


= Charac. Row -1 


| RB | Mode Control 
| RO | Scan Line 
Cursor Start 


R11 |Cursor End \ 
R12 |Display Start \/ \\ 
Addr (H) \ \ 
R13 {Display Start / 
Adar (L) 


Notes: [ © |Designates binary bit 
A] . s eeryee 
\\ Designates unused bit. Reading this bit is always ‘0 


+ Scan Lines -1 


Scan Line No 


roan) 
aa 
ed 
Pa 


PROCESSORS 


Figure 3. Internal Register Summary. 
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Display Start Address High (R12) and Low (R13) 


These registers together comprise a 14-bit register whose 
contents is the memory address of the first character of 
the displayed scan (the character on the top left of the 
video display, as in Figure 1). Subsequent memory 
addresses are generated by the SY6845 as a result of 
CCLK input pulses. Scrolling of the display is accom- 
plished by changing R12 and R13 to the memory address 
ass@ciated with the first character of the desired line of 
text to be displayed first. Entire pages of text may be 
scrolled or changed as well via R12 and R13. 


Cursor Position High (R14) and Low (R15) 


These registers together comprise a 14-bit register whose 
contents is the memory address of the current cursor 
position. When the video display scan counter (MA lines) 
matches the contents of this register, and when the scan 
line counter (RA lines) falls within the bounds set by 
R10 and R11, then the CURSOR output becomes active. 
Bit 5 of the Mode Control Register (R8) may be used 
to delay the CURSOR output by a full CCLK time to 
accommodate slow access memories. 


LPEN High (R16) and Low (R17) 


These registers together comprise a 14-bit register whose 
contents is the light pen strobe position, in terms of the 


SYSTEM 
BUS 


MAO-MA13 


ADDRESS 
CONTENTION 
CONTROL 


CG [PD DISPLA 


Y ADDRESS 


SY 6545 
CRT CONTROLLER 


video display address at which the strobe occurred. When 
the LPEN input changes from low to high, then, on the 


next negative-going edge of CCLK, the contents of the 
internal scan counter is stored in registers R16 and R17. 


ine TOTAL = 90 
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STRAIGHT BINARY ADDRESSING SEQUENCE 


Figure 4. Display Address Sequences (with Start 
Address = 0) for 80 x 24 Example 


VSYNC 


HSYNC 


DISPLAY ENABLE 


CURSOR 


TO 
VIDEO 
CIRCUITS 


RAO0-RA4 


SCAN LINE 


COUNT qd p SHIFT 


REGISTER 


1 CHARACTER L_f 
GENERATOR {_| 
ROM 1, 
CHARACTER SCAN LINE 
DATA DOT PATTERN 


Figure 5. Shared Memory System Configuration 
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Memory Contention Schemes for 
Shared Memory Addressing 


From the diagram of Figure 5, it is clear that both the 
SY6845 and the system MPU must be capable of address- 
ing the video display memory The SY6845 repetitively 
fetches character information to generate the video sig- 
nals in order to keep the screen display active. The MPU 
occasionally accesses the memory to change the displayed 
information or to read out current data characters. Three 
ways of resolving this dual-contention requirement are 
apparent: 


@ MPU Priority 


In this technique, the address lines to the video display 
memory are normally driven by the SY6845 unless the 
MPU needs access, tn which case the MPU addresses 
Immediately override those from the SY6845 and the 
MPU has immediate access. 


@ 61/2 Memory Interleaving 


This method permits both the SY6845 and the MPU 
access to the video display memory by time-sharing 
via the system $1 and $2 clocks. During the $1 por- 
tion of each cycle (the time when E is low), the 
SY6845 address outputs are gated to the video display 
memory. In the @2 time, the MPU address lines are 
switched in. In this way, both the SY6845 and the 
MPU have unimpeded access to the memory. Figure 6 
illustrates the timings. 


MPU CYCLE ——>} 


MPU CYCLE 


VIDEO 

DISPLAY SY6545 MPU SY 6545 MPU 
MEMORY MAO-MA13 /\ ADDRESS /AMA0-MA13/\ ADDRESS 
ADDRESSES 


Figure 6. ¢1/¢2 Interleaving. 
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Interlace Modes 


There are three raster-scan display modes (see Figure 7). 


a) Non-Interlaced Mode. In this mode each scan line ts 
refreshed at the vertical field rate (50 or 60 Hz). 


In the interlaced scan modes, even and odd fields 
alternate to generate frames. The horizontal and ver- 
tical timing relationship causes the scan lines in the 
odd fields to be displaced from those in the even 
fields. The two additional raster-scan display modes 
pertain to interlaced scans. 


b 


— 


Interlace Sync Mode. This mode is used when the 


same information is to be displayed in both odd and 
even fields. Enhanced readability results because the 


spaces between adjacent rows are filled and a higher 
quality character is displayed. This is achieved with 
only a slight alteration in the device operation: in 
alternate fields, the position of the VSYNC signal is 
delayed by % of a scan line time. This is illustrated in 
Figure 8 and is the only difference in the SY6845 
operation in this mode 


— 


Interlaced Sync and Video Mode. This mode is used 
to double the character density on the screen by dis- 
playing the even lines in even fields and the odd lines 
in odd fields. As in the Interlace-Sync mode, the 
VSYNC position is delayed in alternate display fields. 
In addition, the address generation is altered. 
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Figure 7. Comparison of Display Modes. 
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1 COMPLETE FIELD 


DISPLAY 
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DISPLAY 
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Figure 8. Interface Sync Mode and Interface Sync & 
Video Mode Timing 


Package Availability 40 Pin Molded DIP 


Ordering Information 


SYP6845 Molded DIP 1 MHz 
SYP6845RA Molded DIP 2 MHz 
SYP6845RB Molded DIP 3 MHz 
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Features 


Single +5 volt (£5%) power supply. 

Alphanumeric and limited graphics capabilities. 

Fully programmable display (rows, columns, blank- 
ing, etc.). 

Interlaced or non-interlaced scan. 

50/60 Hz operation. 

Fully programmable cursor. 

External light pen capability. 

Capable of addressing up to 16K character Video 
Display RAM. 


Description 


The SY6845E its a CRT Controller intended to provide capa- 
bility for interfacing any 8 or 16 bit microprocessor family 
to CRT or TV-type raster scan displays. A unique 


Pin Configuration 


cco/mAo (] 
cc1/MA1 [J 
CC2/MA2 [7 
CC3/MA3 [ 
cc4/mMA4 [7 
Cc5/MAS5 [ 
CC6/MA6 [] 
CC7/MA7 ( 
CRO/MA8 [1 
CR1/MA9 [] 
CR2/MA10 (| 
CR3/MA11 
CR4/MA12 [7 
CR5/MA13 (1 
DISPLAY ENABLE [ | 


o ON OD om &F WD 
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No DMA required. 

Pin-compatible with MC6845R. 

Row/Column or straight-binary addressing for Video 
Display RAM. 

Video Display RAM may be configured as part of 
microprocessor memory field or independently slaved 


to 6845 
Internal status register. 


‘3.7 MHz Character Clock 


Transparent Address Mode 


feature is the inclusion of several modes of operation, so 
that the system designer can configure the system with 
a wide assortment of techniques. 


Interface Diagram 


Vcc 


HSYNC 

VSYNC 

DISPLAY ENABLE 
CURSOR 

LPEN 

CCLK 
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DBO-DB7 


SY6845E CRTC 


MAO-MA13 RAO-RA4 , 


VIDEO DISPLAY RAM AND CHARACTER ROM 


rom) 
ce 
4 
= 


PROCESSORS 


Absolute Maximum Ratings” 


Supply Voltage, Vcc -0.3V to +7.0V 
Input/Output Voltage, Vin -0.3V to +7.0V 
Operating Temperature, Top O°C to 70°C 
Storage Temperature, TstG -55°C to 150°C 


All inputs contain protection circuitry to prevent damage 
due to high static discharges. Care should be exercised 
to prevent unnecessary application of voltages in excess 
of the allowable limits. 
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Comment* 

Stresses above those listed under ‘‘Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress 
ratings only. Functional operation of this device at these or any 
other conditions above those indicated in the operational sec- 
tions of this specification is not implied and exposure to absolute 
maximum rating conditions for extended periods may atfect 
device reliability. 


Electrical Characteristics (Vec = 5.0V + 5%, Ta = 0-70°C, unless otherwise noted) 


Symba 


Irs! Three-State Input Leakage (DBO-DB7) 
Vin = 0.4 to 2.4V 

Vou Output High Voltage 
LOAD = —205yA (DBO-DB7) 
ILoaD = — 100A (all others) 

VoL Output Low Voltage 


ILOAD =1.6mA 


Pp Power Dissipation 


Cin Input Capacitance 


$2, R/W, RES, CS, RS, LPEN, CCLK 
DBO-DB7 


Cout Output Capacitance 


Test Load 


SY6545 PIN 
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R = 11KQ FOR DBg-DB7 
R = 24KQ. FOR ALL OTHER OUTPUTS 
C = 130 pF TOTAL FOR Do-D7 

C = 30 pF ALL OTHER OUTPUTS 
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MPU Bus Interface Characteristics 


WRITE CYCLE READ CYCLE 


VSS 


m 


tcH 
Cs, R/W Sa tes CS, R/W 


| 


toa 


6845EA SY6845EB SY6845EC 


Write Timing Characteristics (Vcc =5.0V+5%, Ta =0-70°C, unless otherwise noted) 


SY6845E SY 


tcH R/W, CS Hold Time 


tpsw Data Bus Set-Up Time | 165 | 
toHw Data Bus Hold Time 


Symbol Characteristic | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit 
tcve __|_ Cycle Time | 10 | - | os | - [oss] — [ol] — | ws 
PWEH E Pulse Width, High | aso} — | 20 | — | mo} — | 5 | - | ns 
Bye E Pulse Width, Low | 420 | — | 1990 | — | 40 | — | 10 | — | ns 
tas Address Set-Up Time | 80 | =. | 4 | = | -30 | = | oo | = | ns 
tan Address Hold Time 800 ye see Wl OOF ees |: 0 reer tee | ae ns 
fe R/W, CS Set-Up Time eee et ae a es Bo ee Ore sae os 

ae ee ee ee ee ee 
[eel OO fice SOON set Oe 
ea Ee ae ees 


—_: 
=) 
oo 
re) 

w 
So 
=) 

2 


Read Timing Characteristics (Vcc =5.0V+5%, T, =0—70°C, unless otherwise noted) 


SY6845EA | SY6845EB | SY6845EC 
trap MAO-MA13 Switching Delay 100 100 90 60 ns 
(Refer to Figure Trans. Addressing) typ. ae typ. eae 9 Neal typ. iat 


(t, and ts = 10 to 30ns) 
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Memory and Video Interface Characteristics (Vcc =5 OV + 5%, Ta =0 to 70°C, unless otherwise noted) 


oe tape ge 
CCLK 20V 
O.8Vz | o8v 
rea i 
~ ‘CCH 2.4V 
MAO-MA13 . 
tMAD 
RAO-RA4 24v 
tRAD 
24V 


DISPLAY ENABLE 


pe : 
HSYNC, VSYNC 2.4V 
O4V 


-— tas =e 
CURSOR oon 
04V 
tcpD tcDD ies 
tuap Memory Address Delay Time P| 00st ns 
trap Raster Address Delay Time FT t00— | ts ns 
totp Display Timing Delay Time Pte ns 
tusp Horizontal Sync Delay Time a ee ee ns 
tvsp Vertical Sync Delay Time ae a ae ee ns 
tcpp Cursor Display Timing Delay Time a a ee ee ns 
Transparent Addressing Light Pen Strobe Timing 


(61/62 Interleaving) 


CCLK 


tTAD tTAD 


SEE NOTE 


- TLPH 
t 
LPEN LP2 
MAgQ- DISPLAY . UPDATE DISPLAY UPDATE 
MA appr ADDR CoS ADDR MAg—MA43 n n+1 n+2 


NOTE ‘“‘Safe’’ time position for LPEN positive edge 
to cause address n+2 to load into Light Pen Register 
tL pg and t; pj are time positions causing uncertain results 


SY6845E SY6845EA SY6845EB SY6845EC 
Characteristic 


| Max. | Min. | Max. | Min. | Max. | Min. | Max. 
ge MOO | 2400 Is 1] 2100 ee) 
| 0 | = | wo | = | wo | - | wm | 
fee ae Op eee 


Pin. [ax | Min. 
soo [= | 00 
P UPEN to CCLK Dewy Sid 
Fccuk to irendewy | ~- | o | — 


t, and t; = 20ns (max.) 
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MPU Interface Signal Description 
E (Enable) 


The enable signal is the system input and is used to trigger 
all data transfers between the system microprocessor and 
the SY6845. Since there is no maximum limit to the 
allowable E cycle time, it is not necessary for it to bea 
continuous clock. This capability permits the SY6845 to 
be easily interfaced to non-6500-compatible micropro- 
cessors. 


R/W (Read/Write) 


The RW signal is generated by the microprocessor and is 
used to control the direction of data transfers. A high on 
the R/W pin allows the processor to read the data sup- 
plied by the SY6845; a low on the RW pin allows a 
write to the SY6845. 


CS (Chip Select) 


The Chip Select input is normally connected to the pro- 
cessor address bus either directly or through a decoder. 
The SY6845 is selected when CS is low. 


RS (Register Select) 


The Register Select input is used to access internal re- 
gisters. A low on this pin permits writes into the Address 
Register and reads from the Status Register. The contents 
of the Address Register is the identity of the register 
accessed when RS is high. 


DBo-DBy7 (Data Bus) 


The DBg-DB7 pins are the eight data lines used for trans- 
fer of data between the processor and the SY6845. These 
lines are bi-directional and are normally high-impedance 
except during read cycles when the chip is selected. 


Video Interface Signal Description 
HSYNC (Horizontal Sync) 


The HSYNC signal is an active-high output used to deter- 
mine the horizontal position of displayed text. It may 
drive a CRT monitor directly or may be used for com- 
posite video generation. HSYNC time position and width 
are fully programmable. 


VSYNC (Vertical Sync) 


The VSYNC signal is an active-high output used to 
determine the vertical position of displayed text. Like 
HSYNC, VSYNC may be used to drive a CRT monitor 
or composite video generation circuits. VSYNC position 
and width are both fully programmable. 


DISPLAY ENABLE 


The DISPLAY ENABLE signal is an active-high output 
and is used to indicate when the SY6845 is generating 
active display information. The number of horizontal 
displayed characters and the number of vertical displayed 
characters are both fully programmable and together 
are used to generate the DISPLAY ENABLE signal. 
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DISPLAY ENABLE may be delayed by one character 
time by setting bit 4 of R8toa “1”. 


CURSOR 


The CURSOR signal is an active-high output and is used 
to indicate when the scan coincides with the programmed 
cursor position. The cursor position may be programmed 
to be any character in the address field. Furthermore, 
within the character, the cursor may be programmed to 


be any block of scan lines, since the start scan line and 
the end scan line are both programmable. The CURSOR 


position may be delayed by one character time by’ 


setting bit bof R8toa “1”. 

LPEN 

The LPEN signal is an edge-sensitive input and is used to 
load the internal Light Pen Register with the contents of 
the Refresh Scan Counter at the time the active edge 
occurs. The active edge of LPEN is the low-to-high tran- 
sition. 


CCLK 


The CCLK signal is the character timing clock input and 
is used as the time base for all internal count/control 
functions. 


RES 


The RES signal is an active-low input used to initialize 
all internal scan counter circuits. When RES is low, all 
internal counters are stopped and cleared, all scan and 
video outputs are low, and control registers are unaf- 
fected. RES must stay low for at least one CCLK period. 
All scan timing is initiated when RES goes high. In this 
way, RES can be used to synchronize display frame 
timing with line frequency. 


Memory Address Signal Description 
MA0-MA13 (Video Display RAM Address Lines) 


These signals are active-high outputs and are used to 
address the Video Display RAM for character storage 
and display operations. The starting scan address is fully 
programmable and the ending scan address is determined 
by the total number of characters displayed, which is 
also programmable, in terms of characters/line and lines/ 
frame. 
There are two selectable address modes for MAO-MA13: 
@ Binary 
Characters are stored in successive memory locations. 
Thus, the software must be developed so that row and 
column co-ordinates are translated to sequentially- 
numbered addresses for video display memory opera- 
tions. 


@ Row/Column 
In this mode, MAO-MA7 function as column addresses 
CCO-CC7, and MA8-MA13, as row addresses CRO- 
CR5. In this case, the software may handle addresses 
in terms of row and column locations, but additional 


rom) 
oo 
ed 
= 


PROCESSORS 


address compression circuits are needed to convert 
CCO-CC7 and CRO-CR5 into a memory-efficient 
binary scheme. 


RAO-RA4 (Raster Address Lines) 


These signals are active-high outputs and are used to 
select each raster scan within an individual character row. 
The number of raster scan lines is programmable and 
determines the character height, including spaces bet- 
ween character rows. 

The high-order line, RA4, is unique in that it can also 
function as a strobe output pin when the SY6845 is pro- 
grammed to operate in the ‘“Transparent Address Mode”’. 
In this case the strobe is an active-high output and is true 
at the time the Video Display RAM update address is 
gated on to the address lines, MAO-MA13. In this way, 
updates and readouts of the Video Display RAM can be 
made under control of the SY6845 with only a small 
amount of external circuitry. 


Description of Internal Registers 


Figure 1 illustrates the format of a typical video display 
and is necessary to understand the functions of the 
various SY6845 internal registers. Figure 2 illustrates 
vertical and horizontal timing. Figure 3 summarizes the 
internal registers and indicates their address selection 
and read/write capabilities. 


Address Register 


This is a 5-bit register which is used as a ‘‘pointer’”’ to 
direct SY6845 data transfers to and from the system 
MPU. Its contents is the number of the desired register 
(0-31). When RS is low, then this register may be 
loaded; when RS is high, then the register selected is the 
one whose identity is stored in this register. 


Status Register 


This 3-bit register is used to monitor the status of the 
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CRTC, as follows: 


PPipels as) 2 ir] 
= NOT USED =A 


VERTICAL BLANKING 

““0" Scan currently not in vertical blanking portion 
of its timing 

“1” Scan currently is in its vertical blanking time 


er LPEN REGISTER FULL 


“0” This bit goes to “0’’ whenever eyther register 
R16 or R17 1s read by the MPU 
- “1 This bit goes to “1” whenever a LPEN strobe 
occurs 


UPDATE READY 

“0” This bit goes to ‘’0’’ when register R31 has 
been either read or written by the MPU 

“1” This bit goes to “1” when an Update Strobe 
occurs 


Horizontal Total (RO) 


This 8-bit register contains the total of displayed and 
non-displayed characters, minus one, per horizontal line. 
The frequency of HSYNC is thus determined by this 
register. 


Horizontal Displayed (R1) 


This 8-bit register contains the number of displayed char- 
acters per horizontal line. 


Horizontal Sync Position (R2) 


This 8-bit register contains the position of the HSYNC 
on the horizontal line, in terms of the character location 
number on the line. The position of the HSYNC deter- 
mines the left-to-right location of the displayed text 
on the video screen. In this way, the side margins are 
adjusted. 
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Figure 1. Video Display Format 
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DISPLAY 
ENABLE 


1 COMPLETE FIELD (VERTICAL TOTAL) ot 


VERTICAL DISPLAYED 


HSYNC 
VSYNC 


CCLK 


DISPLAY 
ENABLE 


HSYNC 


MAO0-MA13 


RAO-RA4 
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1 COMPLETE SCAN LINE (HORIZONTAL TOTAL) 


HORIZONTAL DISPLAYED 


ISV789AS 


Horizontal and Vertical SYNC Widths (R3) 


This 8-bit register contains the widths of both HSYNC 
and VSYNC, as follows: 


4 2 1 8 4 2 
HSYNC WIDTH 


VSYNC WIDTH* 


(NUMBER OF SCAN 
LINES) 


(NUMBER OF CHARACTER 
CLOCK TIMES) 


*IF BITS 4-7 ARE ALL “0”, THEN VSYNC WILL BE 
16 SCAN LINES WIDE 


Control of these parameters allows the SY6845 to be 


SY6845E 


interfaced to a variety of CRT monitors, since the 
HSYNC and VSYNC timing signals may be accommo- 
dated without the use of external one-shot timing. 


Vertical Total (R4) 


The Vertical Total Register is a 7-bit register containing 
the total number of character rows in a frame, minus 
one. This register, along with R5, determines the overall 
frame rate, which should be close to the line frequency 
to ensure flicker-free appearance. If the frame time is 
adjusted to be longer than the period of the line fre- 
quency, then RES may be used to provide absolute 
synchronism. 


Address Reg Reg. sna Bit 
cS | RS }als|2|ato, No Register Name Stored Info. RD | WR 3|2/ 1] 0 
A eee ee RRR 
| 0 | o |-[-|-[-|-| = [Address Reg [Reg No LY WQQelslaciailad 
0 0 }-|-|-[-|-| = Status Reg \/ 


SEA \ 


sawn [TT 
0 1 Horiz Total # Charac. -1 |v [elelelelele! 
0 1 Horiz Displayed st Charac V [eleleleleleie| @ 
0 1 Horiz Sync + Charac. Y Jalelelelieeiee 
Position 
iu mone" Eszscer™ | | bobble 
| 0 1 Vert Total + Charac. Row -1 x/ NOG 
0 1 ae Total Adjust | Scan Lines / \NNGSEE e 
0 1 Vert Displayed aie Charac Rows J \e)e\e [ele (ele! 
0 1 Vert Sync Position i Charac. Rows fl ey \N* elelele 
al 1 __|Mode Control 4 + NA Ur [Uo] C | [T RC|I | to| 
0 fe | Scan Line - Scan Lines -1 stiles / NNO 
0 1 Cursor Start Scan Line No 7 / \\B:|Bo| ¢ |e | @ |e} @| 
0 1 Cursor End [Scan Line No | XY @}¢/ ¢ |e ¢| 
r 0 1 Display Start Row \\S885 . 
Addr (H) \ \ 
0 | 1 Display Start Col oe 
= tit = Addr (L) ‘t soe 
0 1 | 1 ki c R14 } | Cursor Position (Ft) | Row / |v We! @ 
o | 1 Fofa {1 | 4 RIS Cursor bosition (L).| (Col V | Vv jelelelejelelele, 
0 | 1 [afolololol p16 (Light Pen Reg (H) Vv} WA \eleleiciee 
0 | 1 |1fololo]1| R17 [Light Pen Reg (L) J eleleleleieiee 
O | 1 }1/0/0/1/0} R18 {Update Location J \\aaoooe 
ree | TEN 
0 | 1 |alolol1|1] R19 Ee Location s/ sleleee 
| ie i LO a Be ee a 
6) 1 1 fi A R31 |Dummy Location | et ile MKQQQnrr»y 


Notes [e |Desianates binary bit 


\\\esignates unused bit Reading this bit is always ‘’0” , except for 
R31, which does not drive the data bus at all, and for Coa" 


which operates likewise. 


Figure 3. Internal Register Summary 
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Vertical Total Adjust (R5) 


The Vertical Total Adjust Register is a 5-bit write only 
register containing the number of additional scan lines 
needed to complete an entire frame scan and is intended 
as a fine adjustment for the video frame time. 


Vertical Displayed (R6) 


This 7-bit register contains the number of displayed 
character rows in each frame. In this way, the vertical 
size of the displayed text is determined. 


Vertical Sync Position (R7) 


This 7-bit register is used to select the character row 
time at which the VSYNC pulse is desired to occur and, 
thus, is used to position the displayed text in the vertical 
direction. 


Mode Control (R8) 


This register is used to select the operating modes of the 
SY6845 and is outlined as follows: 


j7{e{sfatsi2]ifo| 


ris INTERLACE MODE CONTROL 


OPERATION 


Non-Interlace 


Interface SYNC Raster Scan 
Interlace SYNC and Video Raster Scan 


VIDEO DISPLAY RAM ADDRESSING 
“0” for stratght binary 
“1 for Row/Column 


VIDEO DISPLAY RAM ACCESS 
“0” for shared memory 
“1” for transparent memory addressing 


DISPLAY ENABLE SKEW 
“0” for no delay 
“1” to delay Display Enable one character time 


CURSOR SKEW 
“0” for no delay 
““1’" to delay Cursor one character time 


UPDATE STROBE (TRANSPARENT MODE, ONLY) 
“0” for pin 34 to function as memory address 
“1” for pin 34 to function as update strobe 


UPDATE/READ MODE (TRANSPARENT MODE, ONLY) 


“0” for updates to occur during hortzontal and vertical 
blanking times with update strobe 
“1” for updates to be interleaved in ¢2 portion of cycle 


Scan Line (R9) 


This 5-bit register contains the number of scan lines per 
character row, including spacing minus one. 
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Cursor Start (R10) and Cursor End (R11) 


These 5-bit registers select the starting and ending scan 
lines for the cursor. In addition, bits 5 and 6 of R10 are 
used to select the cursor mode, as follows: 


CURSOR MODE 


seed 

po | o | NoBiinking 
Oo | t | Nocusor 
| 1 | 0 | Blink at 16xfield rate (fast) | 


Note that the ability to program both the start and end 
scan line for the cursor enables either block cursor or 
underline to be accommodated. Registers R14 and R15 
are used to control the character position of the cursor 
over the entire 16K address field. 


Display Start Address High (R12) and Low (R13) 


These registers together comprise a 14-bit register whose 
contents is the memory address of the first character of 
the displayed scan (the character on the top left of the 
video display, as in Figure 1). Subsequent memory 
addresses are generated by the SY6845 as a result of 
CCLK input pulses. Scrolling of the display is accom- 
plished by changing R12 and R13 to the memory address 
associated with the first character of the desired line of 
text to be displayed first. Entire pages of text may be 
scrolled or changed as well via R12 and R13. 


Cursor Position High (R14) and Low (R15) 


These registers together comprise a 14-bit register whose 
contents is the memory address of the current cursor 
position. When the video display scan counter (MA lines) 
matches the contents of this register, and when the scan 
line counter (RA lines) falls within the bounds set by 
R10 and R11, then the CURSOR output becomes active. 
Bit 5 of the Mode Control Register (R8) may be used 
to delay the CURSOR output by a full CCLK time to 
accommodate slow access memories. 


LPEN High (R16) and Low (R17) 


These registers together comprise a 14-bit register whose 
contents is the light pen strobe position, in terms of the 
video display address at which the strobe occurred. When 
the LPEN input changes from low to high, then, on the 
next negative-going edge of CCLK, the contents of the 
internal scan counter is stored in registers R16 and R17. 
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Update Address High (R18) and Low (R19) 


These registers together comprise a 14-bit register whose 
contents is the memory address at which the next read or 
update will occur (for transparent address mode, only). 
Whenever a read/update occurs, the update location 
automatically increments to allow for fast updates or 
rédadouts of consecutive character locations. This is 
described elsewhere in this document. 


Dummy Location (R31) 


This register does not store any data, but is required to 
detect when transparent addressing updates occur. This 


is necessary to increment the Update Address Register ' 


and to set the Update Ready bit in the status register. 


Description of Operation 


Register Formats 
Register pairs R12/R13, R14/R15, R16/R17, and R18/ 


R19 are formatted in one of two ways: 


1. Straight binary if register R8, bit 2 is a “’0”. 


2. Row/Column if register R8, bit 2 is a ‘1’. In this 
case the low byte is the Character Column and the 
high byte is the Character Row. 
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STRAIGHT BINARY ADDRESSING SEQUENCE 


Figure 4 illustrates the address sequence for the video 
display control for each mode. 


Note from Figure 4 that the straight-binary mode has 
the advantage that all display memory addresses are 
stored in a continuous memory block, starting with 
address O and ending at 1919. The disadvantage with this 
method is that, if it is desired to change a displayed 
character location, the row and column identity of the 
location must be converted to its binary address before 
the memory may be written. The row/column mode, on 
the other hand, does not need to undergo this conver- 
sion. However, memory is not used as efficiently, since 
the memory addresses are not continuous, but gaps exist. 
This requires that the system be equipped with more 
memory than is actually used and this extra memory is 
wasted. Alternatively, address compression logic may be 
employed to translate the row/column format into a 
continuous address block. 


In this way, the user may select whichever mode is best 
for the given application. The trade-offs between the 
modes are software versus hardware. Straight-binary 
mode minimizes hardware requirements and row/column 
requires minimum software. 
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ROW/COLUMN ADDRESSING SEQUENCE 


Figure 4. Display Address Sequences (with Start Address = 0) for 80 x 24 Example 
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Video Display RAM Addressing 


There are two modes of addressing for the video display multiple access requirement. Figure 5 illustrates the 

memory: system configuration. 

1. Shared Memory 2. Transparent Memory Addressing 
In this mode the memory is shared between the MPU For this mode, the display RAM is not directly acces- 
address bus and the SY6845 address bus. For this sible by the MPU, but is controlled entirely by the 
case, memory contention must be resolved by means SY6845. All MPU accesses are made via the SY6845 
of external timing and control circuits. Both the MPU and a small amount of external circuits. Figure 6 
and the SY6845 must have access to the video display shows the system configuration for this approach. 


RAM and the contention circuits must resolve this 


SYSTEM VSYNC 


BUS 


a 
= 


HSYNC 


SY6845 


CRT CONTROLLER DISPLAY ENABLE 


CURSOR TO 
MA0-MA13 RAO-RA4 VIDEO 
|_| CIRCUITS 


a DISPLAY ADDRESS 
ADDRESS 


CONTENTION 
CONTROL 


SCAN LINE 4} 
COUNT REGISTER 
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CHARACTER |_ A 
GENERATOR [|_| 
ROM Y 
CHARACTER SCAN LINE 
DATA DOT PATTERN 


Figure 5. Shared Memory System Configuration 
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Figure 6. Transparent Memory Addressing System Configuration 
(Data Hold Latch needed for Horizontal/Vertical Blanking updates, only). 
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Memory Contention Schemes for 
Shared Memory Addressing 


From the diagram of Figure 4, it is clear that both the 
SY6845 and the system MPU must be capable of address- 
ing the video display memory. The SY6845 repetitively 
fetches character information to generate the video sig- 
nals in order to keep the screen display active. The MPU 
occasionally accesses the memory to change the displayed 
information or to read out current data characters, Three 
ways of resolving this dual-contention requirement are 
apparent: 


@ MPU Priority 


In this technique, the address lines to the video dis- 
play memory are normally driven by the SY6845 
unless the MPU needs access, in which case the 
MPU addresses immediately override those from the 
SY6845 and the MPU has immediate access. 


$¢1/62 Memory Interleaving 


This method permits both the SY6845 and the MPU 
access to the video display memory by time-sharing 
via the system $1 and $2 clocks. During the $1 por- 
tion of each cycle (the time when E is low), the 
SY6845 address outputs are gated to the video dis- 
play memory. In the @2 time, the MPU address lines 
are switched in. In this way, both the SY6845 and the 
MPU have unimpeded access to the memory. Figure 7 
iNustrates the timings. 


MPU CYCLE MPU CYCLE 


VIDEO 
DISPLAY 
MEMORY 
ADDRESSES 


MPU 
ADDRESS 


SY6845 MPU SY 6845 
MAO-MA13/\ ADDRESS /AMA0-MA13 


Figure 7. ¢1/¢2 interleaving 


® Vertical Blanking 


With this approach, the address circuitry is identical 
to the case for MPU Priority updates. The only differ- 
ence is that the Vertical Retrace status bit (bit 5 of 
the Status Register) is used by the MPU so that access 
to the video display memory is only made during 
vertical blanking time (when bit 5 is a “1’’). In this 
way, no visible screen perturbations result. 
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Transparent Memory Addressing 


In this mode of operation, the video display memory 
address lines are not switched by contention circuits, 
but are generated by the SY6845. In effect, the conten- 
tion is handled by the SY6845. As a result, the schemes 
for accomplishing MPU memory access are different: 


@ 1/62 Interleaving 


This mode is similar to the Interleave mode used 
with shared memory. In this case, however, the ¢2 
address is generated from the Update Address Register 
(Registers R18 and R19) in the SY6845. Thus, the 
MPU must first load the address to be accessed into 
R18/R19 and then this address is always gated onto 
the MA lines during $2. Figure 8 shows the timing. 


~<«—-—— MPU CYCLE MPU CYCLE 


UPDATE 


MAO-MA13 ADDR 


DISPLAY UPDATE DISPLAY 
ADDR ADDR ADDR 


Figure 8. ¢1/¢2 Transparent Interleaving 


® Horizontal/Vertical Blanking 


In this mode, the Update Address is loaded by the 
MPU, but is only gated onto the MA lines during 
horizontal or vertical blank times, so memory accesses 
do not interfere With the display appearance. To 
signal when the update address is on the MA lines, an 
update strobe (STB) is provided as an alternate func- 
tion of pin 34. Data hold latches are necessary to 
temporarily retain the character to be stored until 
the retrace time occurs. In this way, the system MPU 
is not halted waiting for the blanking time to arrive. 
Figure 9 illustrates the address and strobe timing for 
this mode. 


Trahsparent address modes are quite complex and offer 
significant advantages in system implementation. The 
details of their application are covered thoroughly in a 
related Technical Note available from Synertek. 
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CCLK 


DISPLAY 


DISPLAY | | | 
ENABLE | | | NON-DISPLAY 


CRT DISPLAY 


ADDRESSES | | | | CRT DISPLAY ADDRESSES 
] ui | } 
a YOO es UO 
MA13 ADDRESS 
lara 4 
I | ! a 
| | 
UPSTB : | 
l 
Figure 9. Retrace Update Timings 


interlace Modes spaces between adjacent rows are filled and a higher 
quality character is displayed. This is achieved with 


There are three raster-scan display modes (see Figure 10). esas 
only a slight alteration in the device operation: tn 


a) Non-Interlaced Mode. In this mode each scan line is alternate fields, the position of the VSYNC signal is 
refreshed at the vertical field rate (50 or 60 Hz). delayed by % of a scan line time. This is illustrated in 
In the interlaced scan modes, even and odd fields Figure 11 and is the only difference in the SY6845 
alternate to generate frames. The horizontal and ver- operation in this mode. 
tical timing relationship causes the scan li in th 
we : : ; i sb on ies au c) Interlaced Syne and Video Mode. This mode is used 
odd fields to be displaced from those in the even Se ae eae ee a EE 
: shea ; to double the character density on the screen by dis- 
fields. The two additional raster-scan display modes ? ? ; : 
: ; playing the even lines in even fields and the odd lines 
pertain to interlaced scans. ; . : 
in odd fields. As in the Interlace-Sync mode, the 
b) Interlace-Sync Mode. This mode is used when the VSYNC position is delayed in alternate display fields. 
same information is to be displayed in both odd and In addition, the address generation is altered. 


even fields. Enhanced readability results because the 


(Ja) 
S 
On 
jo Sn) 
Ow 
=S 
oc 
a. 


vn oo oO 


NON-INTERLACED INTERLACED-SYNC INTERLACED SYNC AND VIDEO 


Figure 10. Comparison of Display Modes. 


4-81 


Synertek. a SY6845E 


1 COMPLETE FIELD 


DISPLAY 
ENABLE 

FOR ODD 
FIELD 


HSYNC 


VSYNC 
ODD FIELD 


% SCAN LINE TIME——+| pen 


VSYNC 


EVEN FIELD 


DISPLAY 
ENABLE 
FOR EVEN 
FIELD 


1 SCAN LINE 
DELAY 


Figure 11. Interlace Sync Mode and Interlace Sync & 
Video Mode Timing 


Cursor and Display Enable Skew Control 
Bits 4 and 5 of the Mode Control register (R8) are used 


CCLK | | | | | | | | | | 
to delay the Display Enable and Cursor outputs, respec- 
tively. Figure 12 illustrates the effect of the delays. (NO DELAY) | | 
CURSOR 
ee ae ee 


DISPLAY = sien DELAY) 


ENABLE 
POSITIVE 


EDGE 
(WITH DELAY) 
(NO DELAY) | 
DISPLAY 


ENABLE 
NEGATIVE 


EDGE 
(WITH DELAY) | 


Figure 12. Cursor and Display Enable Skew 
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VERTICAL DISPLAYED 


VERTICAL 
BLANKING 


DISPLAY 
ENABLE 


VERTICAL 
BLANKING 
STATUS 
BIT 
(STATUS 


REGISTER “0” = DISPLAY ACTIVE 


BIT 5) { 


“1 = VERTICAL 
SWITCHES STATE AT BLANKING 
END OF LAST DISPLAYED ACTIVE 
SCAN LINE 


Figure 13. Operation of Vertical Blanking Status Bit 


Package Availability 40 Pin Molded DIP 


Ordering Information 


SYP6845E Molded DIP 1 MHz 
SYP6845EA Molded DIP 2 MHz 
SYP6845EB Molded DIP 3 MHz 


Detailed help in Application Notes 7 and 8 available from Synertek sales offices. 
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CRTC Register Comparison 
NON-INTERLACE 


MC6845R 
REGISTER SY6845R HD6845R HD6845S SY6545-1 SY6845E 


RO HORIZONTAL TOT | TOT-1 TOT-1 TOT-1 TOT-1 TOT-1 
R1 HORIZONTAL DISP | ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL 


R2 HORIZONTAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL 
SYNC 
R3 HORIZONTAL AND | HORIZONTAL HORIZONTAL HORIZONTAL HORIZONTAL HORIZONTAL 
VERT SYNC WIDTH AND VERTICAL AND VERTICAL AND VERTICAL 
R4 VERTICAL TOT TOT-1 TOT-1 TOT-1 TOT-1 TOT-1 
R5 VERTICAL ANY VALUE ANY VALUE ANY VALUE ANY VALUE ANY VALUE 
TOT ADJ EXCEPT R5 
= (ROH) ¢ X 

R6 VERTICAL ANY VALUE ANY VALUE ANY VALUE ANY VALUE ANY VALUE 
DISP <R4 <R4 <R4 <R4 <R4 
R7 VERTICAL ACTUAL-1 ACTUAL-1 ACTUAL-1 ACTUAL-1 ACTUAL-1 
SYNC POS 
R8 MODE REG INTERLACE INTERLACE INTERLACE INTERLACE INTERLACE 

BITS 0 AND 1 MODE SELECT MODE SELECT MODE SELECT MODE SELECT MODE SELECT 


BITS 2 ROW/COLUMN OR_ | ROW/COLUMN OR 
STRAIGHT STRAIGHT 
BINARY BINARY 
ADDRESSING ADDRESSING 

BITS 3 SHARED OR SHARED OR 
TRANSPARENT TRANSPARENT 
ADDR ADDR 

DISPEN SKEW DISPEN SKEW DISPEN SKEW 


BITS 4 
BITS 5 i- sd DISPEN SKEW CURSOR SKEW CURSOR SKEW 
CURSOR SKEW RA4/UPSTB RA4/UPSTB 


BITS 6 
TRANSPARENT TRANSPARENT 


BITS 7 
MODE SELECT MODE SELECT 


R9 SCAN LINES TOT-1 - TOT-1 TOT-1 
R10 CURSOR START | ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL 
R11 CURSOR END ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL 


R12/R13 DISP ADDR WRITE ONLY WRITE ONLY READ/WRITE WRITE ONLY WRITE ONLY 


READ/WRITE WRITE ONLY READ/WRITE READ/WRITE READ/WRITE 


R16/R17 LPEN REG READ ONLY READ ONLY READ ONLY READ ONLY 
N/A 


R14/R15 CURSOR 
POS 


READ ONLY 


R18/R19 UPDATE N/A N/A TRANSPARENT TRANSPARENT 
ADDR REG MODE ONLY MODE ONLY 
R31 DUMMY REG N/A N/A N/A TRANSPARENT TRANSPARENT 

MODE ONLY MODE ONLY 
STATUS REG YES INO) YES YES 


INTERLACE SYNC 


TOT-1=ODD TOT-1=ODD TOT-1=ODD TOT-1=ODD TOT-1=ODD 
OR EVEN OR EVEN 


INTERLACE SYNC AND VIDEO 


R4 VERTICAL TOT-1 TOT-1 TOT-1 TOT/2-1 TOT-1 


R9 SCAN LINES TOT-1 TOT-1 TOT-2 TOT-1 TOT-1 
ODD/EVEN ONLY EVEN ODD/EVEN ODD/EVEN ODD/EVEN 

R10 CURSOR START | ODD/EVEN BOTH ODD OR ODD/EVEN ODD/EVEN ODD/EVEN 

R11 CURSOR END . ODD/EVEN BOTH EVEN ODD/EVEN ODD/EVEN ODD/EVEN 


SY6551 


Asynchronous Communication 
Interface Adapter 


Features 


@ On-chip baud rate generator: 15 programmable baud 
rates derived from a standard 1.8432 MHz external 
crystal {50 to 19,200 baud). 

Programmable interrupt and status register to simpli- 
fy software design. 

Single +5 volt power supply. 

Serial echo mode. 

False start bit detection. 


8-bit bi-directional data bus for direct communication 
with the microprocessor. 

External 16x clock input for non-standard baud rates 
(up to 125 Kbaud). 

Programmable. word lengths; number of stop bits; 
and parity bit generation and detection. 

Data set and modem control signals provided. 

Parity: (odd, even, none, mark, space). 

Full-duplex or half-duplex operation. 

5,6, 7, 8 and 9 bit transmission. 


Description 


The SY6551 1s an Asynchronous Communication Adap- 
ter (ACIA) intended to provide for interfacing the 6500/ 
6800 microprocessor families to serial communication 


data sets and modems. A unique feature Is the inclusion 
of an on-chip programmable baud rate generator, with 
a crystal being the only external component required. 


Pin Configuration 
6551 


Block Diagram 


TRANSMIT 
CONTROL 


1 
2 
3 
4 
5 
6 
7 
8 
9 


SELECT 
AND 
CONTROL 
LOGIC 
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TRANSMIT 
DATA 
REGISTER 


STATUS 
REGISTER 


CONTROL 
REGISTER 


RECEIVE 
DATA 
REGISTER 


COMMAND 
REGISTER 


TRANSMIT 
SHIFT 
REGISTER 


INTERRUPT 
LOGIC 


BAUD 
RATE 
GENERATOR 


RECEIVE 


REGISTER 


RECEIVE 
CONTROL 
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Absolute Maximum Ratings” 


[Rating [rbot | Alowable Rage 


All inputs contain protection circuitry to prevent damage to 
high static charges. Care should be exercised to prevent unneces- 
sary application of voltages in excess of the allowable limits. 


D.C. Characteristics (Vv, 


SY65514 


Comment* 


Stresses above those listed under “‘Absolute Maximum 
Ratings’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. 


=5.0V + 5%, Ty = 0-70°C, unless otherwise noted) 


Input High Voltage 


Input Leakage Current: Vin =Q to 5V 
($2, RAW, RES, CS,, CS,, RS); RS,, CTS, RxD, DCD, DSR) 


Output High Voltage: | OAD = ~100uUA 
(DB, - DB_, TxD, RxC, RTS, DTR) 


Output Low Voltage: |, gap = 1.6mMA 
(DBy - DB,, TxD, RxC, RTS, DTR, |RQ) 


Output High Current (Sourcing): Vo), = 2.4V 
(DB, - DB, TxD, RxC, RTS, DTR) 


Power Dissipation vs. Temperature 


200 


175 


TYPICAL 
POWER 
DISSIPATION 
(mW) 


125 


TaMBIENT (°C) 
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teyc 


$$$ $$ te —__________» 


DATA BUS 


WC 


Figure 2. Write Timing Characteristics 


Write Cycle (Vcc = 5.0V + 5%, Ta = 0 to 70°C, unless otherwise noted) 


Characteristic 


Address Set-Up Time 
Address Hold Time 


ad 
town | 0 | - | O | - | 
Data Bus Set-Up Time | tocw | 150 | 


Data Bus Hold Time 


(ty and tf = 10 to 30 ns) 


Crystal Specification Clock Generation 


ro) 
o 
— 
= 


PROCESSORS 


1. Temperature stability + 0.01% (0° to 70°C) 


2. Characteristics at 25°C + 2°C EXTERNAL XTAL1 
a. Frequency (MHz) 1.8432 ere 
b. Frequency tolerance (+%) 0.02 
c. Resonance mode Series 
d. Equivalent resistance (ohm) 400 max. 
e. Drive level mW 2 OPEN 
f. Shunt capacitance pF 7 max. Ue 
g. Oscillation mode Fundamental 
No other external components should be in the INTERNAL CLOCK EXTERNAL CLOCK 


crystal circuit 
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oo tceyc 


$$. t¢ -—_________» 


DATA BUS 


Figure 3. Read Timing Characteristics 


Read Cycle (Vcc = 5.0V + 5%, Ta = 0 to 70°C, unless otherwise noted) 


SY 6551 SY6551A 


Characteristic 

Cycle Time 

Address Set-Up Time 
“Address Hold Time 
R/W Set-Up Time 


wn 


=) 
n 


NO 
8 
oO 
5 
n 


~S 
8 
wn n” 


Read Access Time (Valid Data) 
Bus Active Time (Invalid Data) tepa | 40} = | ao | —- | 


Test Load 


NO 
(o>) 
8 
a 
On 
© 
> 
n 


=) 
n 


=) 
nv 


OPEN COLLECTOR 
OUTPUT TEST LOAD 


5V 


PIN PIN 


C = 130 pF MAX. FOR DBO-DB7 
C = 30 pF MAX. FOR ALL OTHER OUTPUTS a 
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$2 
XTAL1 
(TRANSMIT toy 
CLOCK INPUT) 
DTR, RTS 
TxD 
tira 
NOTE TxD rate is 1/16 TxC rate 
IRQ 
Figure 4a. Transmit Timing with External Clock (CLEAR) 
Figure 4b. Interrupt and Output Timing 
RxC 
(INPUT) 
NOTE RxD rate is 1/16 RxC rate 

Figure 4c. Receive External Clock Timing 

Transmit/Receive Characteristics 

SY6551 SY6551A 
Characteristic Symbol | Min | Max | Min | Max Unit 
Transmit/Receive Clock Rate tccy 400* Ss 400* P= fons 
Transmit/Receive Clock High Time tcH 175 | — [175] - | ms | 
Transmit/Receive Clock Low Time teL 175 | - | 175] - | ns | 
XTAL1 to TxD Propagation Delay top - 500 | — | 500 
Propagation Delay (RTS, DTR) iw zs 500 po - 500 
IRQ Propagation Delay (Clear) tiro - 500 ai 500 
(tr, tj = 10 to 30 ns input clocks only) 1 
*The baud rate with external clocking is: Baud Rate = ~=~—=—— 
16 x Tecy 


Interface Signal Description 
RES (Reset) 


During system initialization a low on the RES input will 
cause internal registers to be cleared. 


@2 (Input Clock) 


The input clock is the system $2 clock and is used to 
trigger all data transfers between the system micropro- 
cessor and the SY6551. 


R/W (Read/Write) 


The R/W 1s generated by the microprocessor and is used 
to control the direction of data transfers. A high on the 
R/W pin allows the processor to read the data supplied 
by the SY6551. A low on the R/W pin allows a write to 
the SY6551. 


IRQ (Interrupt Request) 


The !RQ pin is an interrupt signal from the interrupt 
control logic. It is an open drain output, permitting 
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several devices to be connected to the common IRQ 
microprocessor input. Normally a high level, [RQ goes 
low when an interrupt occurs. 


DBo - DB7 (Data Bus) 


The DBg-DB7 pins are the eight data lines used for trans- 
fer of data between the processor and the SY6551. 
These lines are bi-directional and are normally high-im- 
pedance except during Read cycles when selected. 


CSo, CS; (Chip Selects) 


The two chip select inputs are normally connected to 
the processor address lines either directly or through de- 


coders. The SY6551 is selected when CSo is high and 
CS; is low. 
RS¢g, RS; (Register Selects) 


The two register select lines are normally connected to 
the processor address lines to allow the processor to 
select the various SY6551 internal registers. The follow- 
ing table indicates the internal register select coding: 


© 
a 
= 
= 


PROCESSORS 


Transmit Data | Receiver Data 
Register Register 


Programmed 
Reset (Data is 
“Don’t Care’) 


08 | Command Register 
ze Control Register 


The table shows that only the Command and Control 
registers are read/write. The Programmed Reset opera- 
tion does not cause any data transfer, but is used to clear 
the SY6551 registers. The Programmed Reset is slightly 
different from the Hardware Reset (RES) and these 
differences are described in the individual register de- 
finitions. 


ACIA/Modem Interface 
Signal Description 


XTAL1, XTAL2 (Crystal Pins) 


These pins are normally directly connected to the exter- 
nal crystal (1.8432 MHz) used to derive the various baud 
rates. Alternatively, an externally generated clock may 
be used to drive the XTAL1 pin, in which case the 
XTAL2 pin must float. 


Status Register 


TxD (Transmit Data) 


The TxD output line is used to transfer serial NRZ (non- 
return-to-zero) data to the modem. The LSB (least 
significant bit) of the Transmit Data Register is the first 
data bit transmitted and the rate of data transmission is 
determined by the baud rate selected. 


RxD (Receive Data) 


The RxD input line is used to transfer serial NRZ data 
into the ACIA from the modem, LSB first. The receiver 
data rate is either the programmed baud rate or the rate 
of an externally generated receiver clock. This selection 
is made by programming the Control Register. 


RxC (Receive Clock) 


The RxC is a bi-directional pin which serves as either the 
receiver 16x clock input or the receiver 16x clock out- 
put. The latter mode results if the internal baud rate 
generator is selected for receiver data clocking. 


RTS (Request to Send) 


The RTS output pin is used to control the modem from 
the processor. The state of the RTS pin is determined 
by the contents of the Command Register. 


CTS (Clear to Send) 


The CTS input pin is used to control the transmitter 
operation. The enable state is with CTS low. The trans- 
mitter is automatically disabled if CTS is high. 


SY6554 


DTR (Data Terminal Ready) 


This output pin is used to indicate the status of the 
SY6551 to the modem. A low on DTR indicates the 
SY6551 is enabled and a high indicates it is disabled. 
The processor controls this pin via bit O of the Com- 
mand Register. 


DSR (Data Set Ready) 

The DSR input pin is used to indicate to the SY6551 the 
status of the modem. A low indicates the “ready” state 
and a high, “‘not-ready.”’ DSR is a high-impedance input 
and must not be a no-connect. If unused, it should be 
driven high or low, but not switched. 

Note: If Command Register Bit 0 = 1 and a change of 
state on DSR occurs, TRO will be set, and Status Regis- 
ter Bit 6 will reflect the new level. The state of DSR 
does not affect either Transmitter or Receiver operation. 


DCD (Data Carrier Detect) 


The DCD input pin is used to indicate to the SY6551 
the status of the carrier-detect output of the modem. A 
low indicates that the modem carrier signal is present 
and a high, that it is not. DCD, like DSR, is a high- 
impedance input and must not be a no-connect. 

Note: If Command Register Bit 0 = 1 and a change of 
state on DCD occurs, [RO will be set, and Status Regis- 
ter Bit 5 will reflect the new level. The state of DCD 
does not affect Transmitter operation, but must be low 
for the Receiver to operate. 


Internal Organization 


The Transmitter/Receiver sections of the SY6551 are 
depicted by the block diagram in Figure 5. 


CLOCK 
DIVIDER 
(-16) 


RxC 


CONTROL 
REGISTER 
BIT 4= "1" 


XTAL1 


CLOCK 
DIVIDER 
(-16) 


BAUD 
RATE 
GENERATOR 


XTAL2 


BITS 0-3 IN 
CONTROL 


REGISTER 
TxD 


TRANSMITTER 
SHIFT REGISTER 
Figure 5. Transmitter/Receiver Clock Circuits 


Bits 0-3 of the Control Register select the divisor used 
to generate the baud rate for the Transmitter. If the 
Receiver clock is to use the same baud rate as the Trans- 
mitter, then RxC becomes an output pin and can be 
used to slave other circuits to the SY6551. 
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Control Register 

The Control Register is used to select the desired mode 
for the SY6551. The word length, number of stop bits, 
and clock controls are all determined by the Control 
Register, which is depicted in Figure 6. 


CONTROL REGISTER 


BAUD RATE 


STOP BITS GENERATOR 


0 = 1 Stop Bit 


1 = 2 Stop Bits 
1 Stop Bit if Word Length 
= 8 Bits and Parity* 
1% Stop Bits 1f Word Length 
= 5 Bits and No Parity 


WORD LENGTH 
BIT | DATA WORD 
LENGTH 


RECEIVER CLOCK SOURCE 


0 = External Receiver Clock 
1= Baud Rate Generator 
*This allows for 9-bit transmission (8 data bits plus parity) 


7 6 5 4 3 0 
HARDWARE RESET | 0 | 0 [0 | o | o | 0 | 0 [0 | 
Program RESET = | — | ~ | ~ | - | - | - | - | =| 


Figure 6. Control Register Format 


N 
—= 


Command Register 


The Command Register is used to control Specific Trans- 
mit/Receive functions and 1s shown tn Figure 7. 


COMMAND REGISTER 


PARITY CHECK CONTROLS 


OPERATION 


DATA TERMINAL READY 


0 = Disable Receiver and All 
Interrupts (DTR high) 


1 = Enable Receiver and All 
Interrupts (DTR low) 


Parity Disabled - No Parity Bit 
Generated - No Parity Bit Received 


Odd Parity Receiver and Transmitter 


Even Parity Receiver and 


RECEIVER INTERRUPT ENABLE 


0 = [RO Interrupt Enabled from Bit 3 
of Status Register 


1=IRO Interrupt Disabled 


Transmitter 


Mark Parity Bit Transmitted, 
Parity Check Disabled 


Space Parity Bit Transmitted, 
Parity Check Disabled 


=) 
o 
4 
= 


PROCESSORS 


TRANSMITTER CONTROLS 


BIT TRANSMIT RTS 
TRANSMITTER 
TERROR ie eee | TRANSMITTER | 


Foto | 

ro [a enabied [tow [On 
rr fo | Dsabled [tow [on 
eae Low 


NORMAL/ECHO MODE 
FOR RECEIVER 


0 = Normal 


Off 
Disabled | Low | Transmit BRK 


1 = Echo (Bits 2 and 3 
must be ‘’0’’) 


7 6 5 4 3 2 1 ~«0 
HARDWARE RESET | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 
PRoGRaMm Reset | - | ~-| -]o] 0/0] a] 0 | 


Figure 7. Command Register Format 
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Status Register 


The Status Register is used to indicate to the processor 
the status of various SY6551 functions and is outlined 
in Figure 8. 


BOgoEoo 


: 


STATUS SET BY CLEARED BY 


0 = No Error 
* ae 
Parity Error Self Clearing 
0 = No Error 
* ee 
0 = No Error eg 
Receive Data 0 = Not Full Read Receive 
Register Full 1 = Full Data Register 
Transmit Data 0 = Not Empty Write Transmit 
Register Empty 1 = Empty Data Register 


_ RA Not Resettable 
DCD 7S BE ew | Reflects DCD 
9 State 
Aco Not Resettable 
= DSR Low ar 
= DSR High Reflects DSR 


State 


Read 
Status Register 


0 = No Interrupt 
1 = Interrupt 


0 
1 


*NO INTERRUPT GENERATED FOR THESE CONDITIONS. 
**CLEARED AUTOMATICALLY AFTER A READ OF RDR AND 
THE NEXT ERROR FREE RECEIPT OF DATA. 


7 6 5. 4 3 2 1-0 


HARDWaRE RESET | 0 | ~ | — | 1 | 0 | 0 | 0 | 0 | 
PROGRAMIRESE. [eo a')e (ee Oey 


Figure 8. Status Register Format 


SY6551 


Transmit and Receive Data Registers 


These registers are used as temporary data storage for 
the 6551 Transmit and Receive circuits. The Transmit 
Data Register is characterized as follows: 


@ Bit 0 is the leading bit to be transmitted. 
@ Unused data bits are the high-order bits and are 


“‘don‘t care” for transmission. 


The Receive Data Register is characterized in a similar 
fashion: 


@ Bit O is the leading bit received. 


@ Unused data bits are the high-order bits and are 
“0” for the receiver. 


@ Parity bits are not contained in the Receive Data 
Register, but are stripped-off after being used for 


external parity checking. Parity and all unused 
high-order bits are “0”. 


Figure 9 illustrates a single transmitted or received 
data word, for the example of 8 data bits, parity, and 
1 stop bit. 


“MARK” 


“MARK” 
fe eae es ee 
Seer ETRE, SE 

DATA BITS 
START PARITY 
BIT BIT 
STOP BIT 


Figure 9. Serial Data Stream Example 


Package Availabilify 28 Pin Molded DIP 


Ordering Information 


SYP6551 
SYP6551A 


Glock Rate 


Molded DIP 
Molded DIP 
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1 MHz 
2 MHz 


SY65C02 
CMOS 8-Bit 
Microprocessor Family 
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PRELIMINARY 


Features 
External Single-Phase Clock Input, an RC Network, 


e High Performance n-Well HCMOS Family of 
Microprocessors 

e Low Power Consumption, 4 mA at 1 MHz, 10 vA in 
Standby Operation Allowing Battery Operation 
Pin and Software Compatible with the NMOS 6500 
Improved Software Performance 
— 27 New Operation Codes 
— 15 Addressing Modes 
— 66 Microprocessor Instructions 
— 178 Total Operation Codes 

e External or On-Board Clock Generation 
— On-Board Clock Generator can be Driven by an 


Description 


The CMOS 65CO2 microprocessor ts compatible with the 
NMOS 6500 family of microprocessors This 8-bit micropro- 
cessor unit designed in Synertek’s proprietary high 
performance N-well silicon gate technology offers higher 
performance than the original NMOS 6502 The design 
allows for operating frequencies up to 4 MHz, and below 1 
MHz further reducing its already low power consumption 


Pin Configuration Block Diagram 


SY65C02 


1 
2 
3 
4 
5 
6 
7 
8 
9 


INTERNAL ADH 


wk 
ait 


LEGEND 


[> = sei LINE 


—— =i1BIT LINE 


or a Crystal Circuit 

© 1,2,3 or 4 MHz Operation 
e Advanced Memory Access Timing Option 
— Early Address Valid Allows High Speed 

Microprocessor Use with Slow Memories 
— Early Write Data for Dynamic Memories 
Decimal and Binary Arithmetic 
Programmable Stack Pointer 
Variable Length Stack 
Improved Operational Capabilities 


Not only ts the 65CO2 a low power version of the popular 
6500 microprocessor, it also has these new features Ability 
to tri-state the R/W line, address and data bus for DMA 
applications Improved Tacc specs allowing use with slower 
memory devices A new optional output enhancing multi- 
processing capabilityiles Two new addressing modes, an a 
larger instruction set providing the user with more compact 
programming capabilities 


CONTROL SECTION ——————_> 
RES IRO NMI 


INTERRUPT 
GIc 


TE 
LO 


REGISTER SECTION | 


INSTRUC- 
TION 
DECODE 


|_| TIMING 
._] 


CONTROL 


$1 (IN) 
SY651X 
@2 (IN) 


CLOCK 
arta SY650X 


PROCESSOR 
STATUS 
get 


CLOCK 
GENERATOR 


LATCH 
(DL) ¢1 (OUT) 


¢2 (OUT) 
RW 
DATA BUS DBE 
BUFFER 


DATA BUS 


Figure 1. 
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Absolute Maximum Ratings 
(Vpp = 5.0 V + 5%, Vgg = OV, Ta = O°C to 70°C) 


Supply Voltage (Vpp) «wee ee ee ee eee eee ~0.3 to +7.0V 
Input VOlage{V iq). - «2s Sicdiewawe a oeeaee ss -0.3 to +7.0V 
Operating Temperature (Ta) ............ 0°C to +70°C 
Storage Temperature (Tstg) ......... -55°C to +150°C 


Pin Function 


Memory Lock 


Non-Maskable Interrupt 


DC Characteristics 


Input High Voltage 
0 (IN) 
RES, NMi, RDY, iRO, Data, S.O. 


Input Low Voltage 
o (IN) 
RES, NMI, RDY, IRO, Data, S.O. 


Input Leakage Current 
(Vin = 0 to 5.25V, Vpp = 5.25V) 
With Pullups 


Without Pullups 


Three State (Off State) Input Current 
(Vin = 0.4 to 2.4V, Vcc = 5.25V) 
Data Lines 


Output High Voltage 
(lon =-100 pAdc, Vpp = 4.75V, 
SYNC, Data, Ao-Ai5, R/W) 
Output Low Voltage 
(lot = 1.6 mAdc, Vpp = 4,75V, 
SYNC, Data, Ap-Ai5, R/W) 


Supply Current f = 1 MHz 
Supply Current f =2 MHz 


Capacitance 
(Vin =0, Ta= 25°C, f = 1 MHz) 
Logic 
Data 
Ao-Ai15, R/W, SYNC 
¢o (IN) 


Co (IN) 


SY65C02 


Comment* 


Stresses above those listed under ‘‘Absolute Maximum Rat- 
ings’’ may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in the 
operational sections of this specification is not implied 


Trin «i: CFunetion 


“This pin has an optional internal pullup for a No Connect 
condition 
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Microprocessor Operational Enhancements 


Indexed addressing across page Extra read of invalid address Extra read of last instruction byte 
boundary 


Execution of invalid op codes Some terminate only by reset Results | All are NOPs (reserved for future use) 
are undefined Op Code Bytes Cycles 
X2 2 
X3, X7, XB, XF 1 
44 2 
54, D4, F4 2 
3 
3 


5C 
DC, FC 


Jump indirect, operand = XXFF Page address does not increment Page address increments and adds 
one additional cycle. 


Read/ modify/write instructions at One read and two write cycles Two read and one write cycle 

effective address 

Decimal flag Indeterminate after reset Initialized to binary mode (D = O) after 
reset and interrupts 


Flags after decimal operation Invalid N, V and Z flags Valid flag adds one additional cycle. 


Interrupt after fetch of BRK instruc- Interrupt vector is loaded, BRK vector | BRK ts executed, then interrupt Is 
tion iS ignored executed 


Microprocessor Hardware Enhancements 


Assertion of Ready RDY during Ignored Stops processor during ¢2 
write operations 


Unused input-only pins (IRO, NMI, Must be connected to low impedance } Connected internally by a high- 
RDY, RES, SO) signal to avoid noise problems resistance to Vpp (approximately 250K 
ohm). 


ROW —DND 


New Instruction Mnemonics 


| Mnemonic | escription 


Branch relative always [Relative] 

Decrement accumulator [Accum] 

Increment accumulator [Accum] 

Push X on stack [Implied] 

Push Y on stack [Implied] 

Pull X from stack [Implied] 

Pull Y from stack [Implied] 

Store zero [Absolute] 

Store zero [ABS, X] 

Store zero [Zero Page] 

Store zero [ZPG, X] 

Test and reset memory bits with accumulator [Absolute] 
Test and reset memory bits with accumulator [Zero page] 
Test and set memory bits with accumulator [Absolute] 
Test and set memory bits with accumulator [Zero page] 
Test immediate with accumulator [IMMEDIATE] 
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Additional Instruction Addressing Modes 


Mnemonic Description 


Add memory to accumulator with carry [(ZPG)] 
“AND” memory with accumulator [(ZPG)} 

Test memory bits with accumulatorABS, X] 
Test memory bits with accumulator [ZPG, X] 
Compare memory and accumulator [(ZPG)} 


“Exclusive OR” memory with accumulator [(ZPG)} 
Jump (New addressing mode) [ABS(IND, X)] 

Load accumulator with memory [(ZPG)} 

“OR” memory with accumulator [(ZPG)] 

Subtract memory from accumulator with borrow [(ZPG)] 
Store accumulator in memory [(ZPG)] 


tCYCOIN 
toINLO tFgIN 
REF 65C02 ~0in 
‘ tROIN 
De toiNHI 
$10uUT 
—_> to¢1 
620uT 
tCYCOIN 
too2 TROIN tFOIN 
REF 65C12 @2iN 
65C112 
toINLO toINHI 


«taps taH 


Ao-Ais5, R/W 4 b 
SYNC, ML 


tacc tosrR 


— CUI as: 


tpHR 


; tpcs 
RDY, RES 
tso 


Figure 2. AC Characteristics, SY65C02 
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AC Characteristics, SY¥65C02 v,,=50V +5%, Ta =-40°C to +85°C 


Symbot_[ Min | Max. | 
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7 0 
7 0 
INDEX REGISTER Y 
7 0 
INDEX REGISTER X 
15 7 0 
PCH PCL 
8 7 0 


PROGRAM COUNTER PC 
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PROCESSOR STATUS 
R EG “pir 


CARRY 1 = TRUE 

ZERO 1 = RESULT ZERO 
iRO DISABLE 1 = DISABLE 
DECIMAL MODE 1 = TRUE 
BRK COMMAND 1 = BRK 
OVERFLOW 1 = TRUE 
NEGATIVE 1 = NEG. 


Figure 4. Microprocessor Programming Model 


Functional Description 


Timing Control 

The timing control unit keeps track of the instruction cycle 
being monitored. The unit ts set to zero each time an 
instruction fetch is executed and is advanced at the begin- 
ning of each phase one clock pulse for as many cycles as is 
required to complete the instruction. Each data transfer 
which takes place between the registers depends upon 
decoding the contents of both the instruction register and 
the timing control unit. 


Program Counter 

The 16-bit program counter provides the addresses which 
step the microprocessor through sequential instructions in 
a program. 


Each time the microprocessor fetches an instruction from 
program memory, the lower byte of the program counter 
(PCL) is placed on the low-order bits of the address bus and 
the higher byte of the program counter (PCH) is placed on 
the high-order 8 bits The counter is incremented each time 
an instruction or data is fetched from program memory. 


Instruction Register and Decode 

Instructions fetched from memory are gated onto the inter- 
nal data bus. These instructions are latched into the 
Instruction register, then decoded, along with timing and 
Interrupt signals, to generate control signals for the various 
registers. 


Arithmetic and Logic Unit (ALU) 

All arithmetic and logic operations take place in the ALU 
Including incrementing and decrementing internal registers 
(except the program counter). The ALU has no internal 
memory and is used only to perform logical and transient 
numerical operations. 


CLK (IN) OR ¢0 (IN) 
C1 


OSC (OUT) OR $1 (OUT) 


C1, C2 = 51 pF 
R1 =200K = 
X1  =1MHz 


Figure 5 (a). Crystal Circuit for Internal Oscillator 
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Accumulator 

The accumulator is a general purpose 8-bit register that 
stores the results of most arithmetic and logic operations, 
and in addition, the accumulator usually contains one of the 
two data words used tn these operations. 


Index Registers 

There are two 8-bit index registers (X and Y), which may be 
used to count program steps or to provide an index value to 
be used in generating an effective address. 


When executing an instruction which specifies indexed 
addressing, the CPU fetches the op code and the base 
address, and modifies the address by adding the index reg- 
ister to it prior to performing the desired operation Pre-or 
post-indexing of indirect addresses is possibla.(see address- 
ing modes). 


Stack Pointer 

The stack pointer is an 8-bit register used to control the 
addressing of the variable-length stack on page one The 
stack pointer is automatically incremented and decremented 
under control of the microprocessor to perform stack 
manipulations under direction of either the program or 
interrupts (NMI and IRQ). The stack allows simple imple- 
mentation of nested subroutines and multiple level 
interrupts. The stack pointer should be initialized before any 
interrupts or stack operations occur 


Processor Status Register 

The 8-bit processor status register contains seven status 
flags. Some of the flags are controlled by the program, oth- 
ers may be controlled both by the program and the CPU 
The 6500 instruction set contains a number of conditional 
branch instructions which are designed to allow testing of 
these flags (see microprocessor programming model). 


Figure 5 (b). Suggested RC Network Configuration 
for Internal Oscillator 
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Addressing Modes 


Fifteen addressing modes are available to the user of the 
SY65CO2 microprocessor The addressing modes are des- 
cribed tn the following paragraphs 


Implied Addressing (Implied) 

In the 1mplied addressing mode, the address containing the 
operand its implicitly stated in the operation code of the 
instruction 


Accumulator Addressing (Accum) 
This form of addressing is represented with a one byte 
instruction and implies an operation on the accumulator 


Immediate Addressing (Immediate) 

With immediate addressing, the operand is contained in the 
second byte of the instruction, no further memory address- 
ing 1s required 


Absolute Addressing (Absolute) 
For absolute addressing, the second byte of the instruction 
specifies the eight low-order bits of the effective address, 
while the third byte specifies the eight high-order bits 
Therefore, this addressing mode allows access to the total 
64K bytes of addressable memory 


Zero Page Addressing (Zero Page) 

Zero page addressing allows shorter code and execution 
times by only fetching the second byte of the instruction 
and assuming a zero high address byte The careful use of 
zero page addressing can result tn significant increase in 
code efficiency 


Absolute Indexed Addressing (ABS, X or ABS, Y) 
Absolute indexed addressing 1s used in conjunction with X 
or Y index register and is referred to as “Absolute, X,"" and 
“Absolute, Y.”” The effective address is formed by adding the 
contents of X or Y to the address contained in the second 
and third bytes of the instruction This mode allows the 
index register to contain the index or count value and the 
Instruction to contain the base address This type of index- 
ing allows any location referencing and the index to modify 
multiple fields, resulting in reduced coding and execution 
time 


Zero Page Indexed Addressing (ZPG, X or ZPG, Y) 

Zero page absolute addressing is used tn conjunction with 
the index register and ts referred to as “Zero Page, X”’ or 
Zero Page, Y " The effective address ts calculated by adding 
the second byte to the contents of the index register Since 
this is a form of “Zero Page”’ addressing, the content of the 
second byte references a location in page zero Additionally, 
due to the “‘Zero Page” addressing nature of this mode, no 
carry is added to the high-order eight bits of memory, and 
crossing of page boundaries does not occur 
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Relative Addressing (Relative) 

Relative addressing is used only with branch !nstructions; tt 
establishes a destination for the conditional branch. The 
second byte of the instruction becomes the operand which 
ts an ‘Offset’ added to the contents of the lower eight bits 
of the program counter when the counter ts set at the next 
instruction The range of the offset is -128 to +127 bytes 
from the next instruction 


Zero Page Indexed Indirect Addressing [(IND, X)] 

With zero page indexed indirect addressing (usually referred 
to as indirect X) the second byte of the instruction 1s added 
to the contents of the X index register, the carry is dis- 
carded The result of this addition points to a memory 
location on page zero whose contents Is the low-order eight 
bits of the effective address The next memory location tn 
page zero contains the high-order eight bits of the effective 
address Both memory locations specifying the high- and 
low-order bytes of the effective address must be in page 
zero 


*Absolute Indexed Indirect Addressing [ABS(IND, X)] 
(Jump Instruction Only) 

With absolute indexed indirect addressing the contents of 
the second and third instruction bytes are added to the X 
register The result of this addition, points to a memory loca- 
tion containing the lower-order eight bits of the effective 
address The next memory location contains the higher- 
order eight bits of the effective address 


Indirect Indexed Addressing [(IND), Y] 

This form of addressing 1s usually referred to as Indirect, Y. 
The second byte of the instruction points to a memory loca- 
tlon in page zero The contents of this memory location are 
added to the contents of the Y index register, the result 
being the low-order eight bits of the effective address. The 
carry from this addition is added to the contents of the next 
page zero memory location, the result being the high-order 
eight bits of the effective address. 


*Zero Page Indirect Addressing [(ZPG)] 

In the zero page indirect addressing mode, the second byte 
of the instruction points to a memory location on page zero 
containing the low-order byte of the effective address. The 
next location on page zero contains the high-order byte of 
the effective address 


Absolute Indirect Addressing [(ABS)] 

(Jump Instruction Only) 

The second byte of the instruction contains the low-order 
eight bits of a memory location. The high-order eight bits of 
that memory location is contained in the third byte of the 
instruction The contents of the fully specified memory loca- 
tion is the low-order byte of the effective address. The next 
memory location contains the high-order byte of the effec- 
tive address which ts loaded into the 16 bit program 
counter 


NOTE * = New Address Modes 
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Signal Description 


Address Bus (Ag-A45) 

Ao-Ais forms a 16-bit address bus for memory and I/O 
exchanges on the data bus. The output of each address line 
is TTL compatible, capable of driving one standard TTL load 
and 130 pF. 


Clocks (40, ¢1, and ¢2) 

oo is a TTL level input that is used to generate the internal 
clocks in the 6502. Two full level output clocks are gener- 
ated by the 6502. The ¢2 clock output Is in phase with do. 
The ¢; output pin is 180° out of phase with ¢o. (See timing 
diagram.) 


Data Bus (Do-D7) 

The data lines (Dg-D7) constitute an 8-bit bidirectional data 
bus used for data exchanges to and from the device and 
peripherals. The outputs are three-state buffers capable of 
driving one TTL load and 130 pF. 


Interrupt Request (IRQ) 

This TTL compatible input requests that an interrupt 
sequence begin within the microprocessor. The IRO is 
sampled during ¢2 operation; if the tnterrupt flag in the pro- 
cessor status register is zero, the current instruction is 
completed and the interrupt sequence begins during 4. 
The program counter and processor status register are 
stored in the stack. The microprocessor will then set the 
interrupt mask flag high so that no further IROs may occur. 
At the end of this cycle, the program counter low will be 
loaded from address FFFE, and program counter high from 
location FFFF, transferring program control to the memory 
vector located at these addresses The RDY signal must be 
in the high state for any interrupt to be recognized. A 3K 
ohm external resistor should be used for proper wire OR 
operation. 


Memory Lock (ML) 

In a multiprocessor system, the ML output indicates the 
need to defer the rearbitration of the next bus cycle to 
ensure the integrity of read-modify-write instructions. ML 
goes low during ASL, DEC, INC, LSR, ROL, ROR, TRB, TSB 
memory referencing instructions. This signal is low for the 
modify and write cycles. 


Non-Maskable Interrupt (NMI) 

A negative-going edge on this input requests that a non- 
maskable interrupt sequence be generated within the 
microprocessor. The NMI is sampled during #9; the current 
instruction is completed and the interrupt sequence begins 
during ¢; The program counter 1s loaded with the interrupt 
vector from locations FFFA (low byte) and FFFB (high byte), 
thereby transferring program control to the non-maskable 
interrupt routine. 


NOTE: Since this interrupt is non-maskable, another NMI 
can occur before the first is finished. Care should be taken 
when using NMI to avoid this. 
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Ready (RDY) 

This input allows the user to single-cycle the microproces- 
sor on all cycles including write cycles A negative transition 
to the low state, during or coincident with phase one (¢4), 
will halt the microprocessor with the output address lines 
reflecting the current address being fetched. This condition 
will remain through a subsequent phase two (¢2) in which 
the ready signal is low. This feature allows microprocessor 
interfacing with low-speed memory as well as direct 
memory access (DMA). 


Reset (RES) 

This input is used to reset the microprocessor. Reset must 
be held low for at least two clock cycles after Vpp reaches 
operating voltage from a power down. A positive transition 
on this pin will then cause an initialization sequence to 
begin. Likewise, after the system has been operating, a low 
on this line of at least two cycles will cease microprocessing 
activity, followed by initialization after the positive edge on 
RES. 

When a positive edge is detected, there is an initialization 
sequence lasting six clock cycles. Then the interrupt mask 
flag 1s set, the decimal mode is cleared, and the program 
counter ts loaded with the restart vector from locations 
FFFC (low byte) and FFFD (high byte). This is the start loca- 
tion for program control. This input should be high in 
normal operation. 


Read/Write (R/W) 

This signal is normally in the high state indicating that the 
microprocessor is reading data from memory or I/O bus. In 
the low state the data bus has valid data from the micropro- 
cessor to be stored at the addressed memory location 


Set Overflow (SO) 

A negative transition on this line sets the overflow bit in the 
status code register. The signal is sampled on the trailing 
edge of ¢4. 


Synchronize (SYNC) 

This output line ts provided to identify those cycles during 
which the microprocessor is doing an OP CODE fetch The 
SYNC line goes high during ¢; of an OP CODE fetch and 
stays high for the remainder of that cycle. If the RDY line is 
pulled low during the ¢; clock pulse in which SYNC went 
high, the processor will stop in tts current state and will 
remain tn the state until the RDY line goes high. In this 
manner, the SYNC signal can be used to control RDY to 
cause single instruction execution. 
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Instruction Set — Alphabetical Sequence 


ADC Add Memory to Accumulator with Carry LDY Load Index Y with Memory 

AND “AND” Memory with Accumulator LSR = Shift One Bit Right 

ASL Shift One Bit Left NOP No Operation 

BCC Branch on Carry Clear CRA “OR” Memory with Accumulator 

BCS _ Branch on Carry Set PHA Push Accumulator on Stack 

BEQ_ Branch on Result Zero PHP Push Processor Status on Stack 

BIT Test Memory Bits with Accumulator @ PHX _ Push Index X on Stack 

BMI Branch on Result Minus @ PHY Push Index Y on Stack 

BNE _ Branch on Result Not Zero PLA Pull Accumulator from Stack 

BPL Branch on Result Plus PLP Pull Processor Status from Stack 
@ BRA _ Branch Always @ PLX Pull Index X from Stack 

BRK _ Force Break @ PLY Pull Index Y from Stack 

BVC Branch on Overflow Clear ROL Rotate One Bit Left 

BVS Branch on Overflow Set ROR_ Rotate One Bit Right 

CLC Clear Carry Flag RTI Return from Interrupt 

CLD Clear Decimal Mode RTS _ Return from Subroutine 

CLI Clear Interrupt Disable Bit SBC Subtract Memory from Accumulator with Borrow 

CLV Clear Overflow Flag SEC Set Carry Flag 

CMP Compare Memory and Accumulator SED Set Decimal Mode 

CPX Compare Memory and Index X SEI Set Interrupt Disable Bit 

CPY Compare Memory and Index Y STA Store Accumulator !n Memory 

DEC Decrement by One STX = Store Index X in Memory 

DEX Decrement Index X by One STY Store Index Y in Memory 

DEY Decrement Index Y by One e STZ _ Store Zero in Memory 

EOR- “Exclusive-or” Memory with Accumulator TAX Transfer Accumulator to Index X 

INC increment by One TAY — Transfer Accumulator to Index Y 

INX Increment index X by One @ TRB Test and Reset Memory Bits with Accumulator 

INY Increment Index Y by One @® TSB Test and Set Memory Bits with Accumulator 

JMP Jump to New Location TSX Transfer Stack Pointer to Index X 

JSR Jump to New Location Saving Return Address TXA Transfer Index X to Accumulator 

LDA Load Accumulator with Memory TXS _ Transfer tndex X to Stack Pointer 

LDX Load Index X with Memory TYA Transfer Index Y to Accumulator 

Note e = New Instruction 


0 1 2 PeEa re ged dee) A D 
BRK ORA TSB ORA ASL PHP ASL TSB ORA ASL 
ind, X zpg A abs abs abs 
BPL ORA ORA TRB CLC INC TRB ORA ASL 
rel ind, Y ind A abs abs, X | abs, X 
JSR AND PLP ROL BIT AND ROL 
abs ind, X imm A abs abs abs 
BMI AND AND BIT SEC AND DEC BIT AND ROL 
rel ind, Y ind zpg,X abs, Y A Fie am abs, X | abs, X 
RTI EOR PHA EOR LSR JMP EOR LSR 
ind, X imm A abs abs abs 
BVC EOR EOR CLI PHY EOR LSR 
rel ind, Y ind abs, X abs, X 
RTS ADC STZ PLA ADC ROR JMP ADC ROR 
ind, X A ind abs abs 
BVS ADC ADC 8 74 Ali =ADC ROR 
rel ind, Y ind zpg,X i abs, X | abs, X 
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STA DEY TXA STA STX 
rel ind, X abs abs 2 
BCC STA STA TYA STA TXS STA STZ OP 
rel ind, Y abs, Y abs, X Mews oe 
=—_ oO 
LDY LDA LDX TAY LDA TAX LDY LDA LOX = = 
imm ind, X imm imm abs abs abs O. 
BCS LDA LDA LDY LDA LDX CLV LDA LDY LDA LDX 
rel ind, Y ind zpg, X | zpg, X | zpg, Y abs, Y abs, X } abs, X | abs, Y 
CPY CMP CPY CMP DEC INY CMP DEX CPY CMP DEC 
imm ind, X zpg zpg zpg imm abs abs abs 
BNE CMP CMP DEC CMP PHX CMP DEC 
rel ind, Y ind zpg, X | zpg, X , abs, X | abs, X 
CPX SBC CPX SBC INC INX SBC CPX SBC INC 
imm ind, X zpg zpg zpg imm abs abs abs 
BEQ SBC SBC SBC INC SED SBC PLX SBC INC 
rel ind, Y ind zpg, X | zpg, X abs, Y abs, X | abs, X 
pee et eee SL er | 82 Pa AB eI, ee 


z 


ote EJ = New Op Codes 
Figure 6. Microprocessor Op Code Table 
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Operational Codes, Execution Time, and Memory Requirements 


IMME-| ABSO | ZERO 
DIATE! LUTE | PAGE [ACCUM pies 
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OE 615 
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MNE 


(1,3) 
(1) 
(1) 
(2) 
(2) 
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NN 


@-+7 "9-0 
Branch if C=O 


Branch if C=1 


Branchif Z=1 
AAM 

Branch if N=1 
Branch if Z=0 
Branch if N=0 


Branch Always 
Break 

Branch if V=0 
Branch if V=1 

0+*C 
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1 
D8]2|1 
58 {21/1 
B8}2 11 0 
CQ} 2} 2| CD) 4] 3} C5] 3}2 2}01}5/2}D5}4|2 3 3 D215}2|N ZC 
EQ| 2/2) EC| 4/3) £4) 3/2 N ZC 
CO} 2{ 2) CC) 4) 3) C4) 3/2 N ZC 
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CE/6/3/C6/5/2 2 DE|6j3 N Zz 
CA}2}1 N Zz 
88/2/11 N Zz 
49] 2) 2: 4D} 4/3) 45/312 2/51 |5|2155)4/2 5D/4/3 3 52 |5/2|N Zz 
1A12/1 N Zz 
E} 6} 3) E6|5}2 F6| 612 FE|6]3 N Zz 
E8/2)1 N Zz 
C8}2}1 N z 
Jump to new loc C} 313 6C|6| 3] 7C 
Jump Subroutine ce 6}3 
MeA AY 2| 2; AD) 4; 3] AS; 3/2 2;B5/ 4/2 BD/ 4/3} B9} 4/3 B2/5/2|N 
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AVM?A 2|2/0D}4)3) 05! 3}2 2/1514]/2 1Dl4)3 3 12/5|2)N 
A*M, S 1*8 48 {3/1 
P*M,S-1°S 08 13]1 
X*M, S-1*S DA}3}1 
Y*M, S 17S 5A13}1 
$+1*S M,*A 68/4}1 N 
S+1*S Mo*P 28/4/1 NV 1 
S$+1*S M,*X FA\4/1 
S+1*S Mo*+VY TAI4H1 
Lr ote 2E|6]3/26|5]2|2A |2 36/6|2 3E N 
[c}-(7 of) 6E 3/66 |5|2}6A |2 76\6}2 7E N 
Return from inter 40/6 }1 NV 1 
Return from Subr 60}6 1 
3)E51 3/2 2) FIIS5SI2\F 2 FD/413}F9)4]3 F2|5/2iN V 
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Notes 
1. Add 1 to ‘‘n”’ if page boundary is crossed XxX Index X 
2 Add 1 to ‘‘n" if branch occurs to same page Y Index Y 
Add 2 to ‘‘n’’ if branch occurs to different page A Accumulator 
3. Add 1 to ‘’n" if decimal mode. M Memory per effective address 
4 V bit equals memory bit 6 prior to execution Ms Memory per stack pointer 


N bit equals memory bit 7 prior to execution 
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STATUS CODES 


(IND, X)} (ZPG) 
COSA se 18 


6843210 ie 


Vv 


- 


+ Add n No. Cycles 
— Subtract # No. Bytes 
A And Mg Memory bit 6 
V Or M7 Memory bit 7 
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Package Availability 40 Pin Molded DIP 


Ordering Information 


SY 65CXX X 
PREFIX PACKAGE DEVICE TYPE SPEED RANGE 
P — Molded DIP No Designator — 1 MHz 
A— 2 MHz 
B— 3 MHz 
C— 4 MHz 
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CMOS Versatile Interface 
Adapter (VIA) 
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PRELIMINARY 


Features 


Two 8-Bit Bi-directional 1/O Ports 

Two 16-Bit Programmable Timer/Counters 
Serial Data Port 

Single +5V Power Supply 

TTL Compatible 

CMOS Compatible Peripheral Port A Lines 


Description 


The SY65C22 Versatile Interface Adapter (VIA) is a very 
flexible |/O control device. In addition, this device contains 
a pair of very powerful 16-bit interval timers, a serial-to- 
parallel/parallel-to-serial shift register and input data 
latching on the peripheral ports. Expanded handshaking 
capability allows control of bi-directional data transfers 
between VIA’s in multiple processor systems. 


Control of peripheral devices is handled primarily through 
two 8-bit bi-directional ports Each line can be programmed 


INTERRUPT 
CONTROL 


DATA 
BUS 
BUFFERS 


AUXILIARY 
(ACR) 


FUNCTION 
CONTROL 


LATCH LATCH 
(T1L-H) (T1L-L) 


COUNTER 
(T1C-H) (T1C-L) 


TIMER 1 


TIMER 2 


LATCH 
(T2L-L) 


COUNTER ! COUNTER 


(T2C-H) ! (T2C-L) 


COUNTER 


@ Expanded “Handshake” Capability Allows Positive 
Control of Data Transfers Between Processor and 
Peripheral Devices 

@ Latched Output and Input Registers 

@ 1 MHz, 2 MHz Bus Operation 


as either an input or an output. Several peripheral I/O lines 
can be controlled directly from the interval timers for gener- 
ating programmable frequency square waves or for 
counting externally generated pulses. To facilitate control of 
the many powerful features of this chip, an interrupt flag 
register, an interrupt enable register and a pair of function 
control registers are provided. 


INPUT LATCH 


DATA DIR 
(DDRA) 


PORT A REGISTERS 


HANDSHAKE 
CONTROL 


SHIFT REG 
(SR) 


PORT B REGISTERS 


INPUT LATCH 


BUFFERS 
Co eer K__ > Pores 


DATA DIR 
(DDRB) 


Figure 1. SY65C22 Block Diagram 
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Pin Configuration 


Supply Voltage 


Input Voltage -03 to 


Operating Temperature —40 to +85 
Range 


Storage Temperature -55 to +150 
Range 


Comment* 


This device contains circuitry to protect the inputs against 
damage due to high static voltages However, it is advised 
that normal precautions be taken to avoid application of any 
voltage higher than maximum rated voltages 


Electrical Characteristics (Vp, =5 0 V + 10%, T, = -40 to 85°C, unless otherwise noted) 


Vin Input High Voltage (all except ¢2) V 
lin Input Leakage Current, Vix = 0.4 to 24V _ +10 A 
R/W, RES, RSO, RS1, RS2, RS3, CS1, CS2, CA1, 62 ~ i 
Irs Off-state Input Current, Viy = 0.4 to 2.4 V i 
Vcc = Max., DO to D7 ea HA 
he Input High Current, Viy = 24 V = 
PAO-PA7, CA2, PBO-PB7, CB1, CB2 Bae ah 
hie. Input Low Current, Vi, =O 4V 94 on 
PAO-PA7, CA2, PBO-PB7, CB1, CB2 
Vou Output High Voltage, Vec = min, ILoap = —200 vA 24 Vv 
PAO-PA7, CA2, PBO-PB7, CB1, CB2 
VoL Output Low Voltage, Vec = min, ILoap = 3 2 MA eS a ae V 
lon Output High Current (Sourcing) 7 _ 
Von = 15 V (PBO-PB7) 20 ue me es 
Pp Power Dissipation, Vpp = 5.5 V, f = 1 MHz eS a mW 2 D 
[ae } 
Pspy Standby Power Dissipation (¢2 = Vix, Inputs = Vss or 11.0 uW = S 
Vpp, No Loads) cc 
lop Supply Current f= 1 MHz 2.0 mA 
f = 2 MHz 4.0 mA 
an Output Capacitance, f= 1 MHz rT |.10 | oF 
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Test Load 


OPEN COLLECTOR 
OUTPUT TEST LOAD 


5V 
3KQ2 
PIN 


100 pF 


C = 130 pF MAX. FOR DBO-DB7 
C = 30 pF MAX. FOR ALL OTHER OUTPUTS = 


Figure 2. Test Load (for all Dynamic Parameters) 


de 
CLOCK 
Tcor 


seats teers "—\ aC ez 


Tecr Tcar 


sagen: C—t 


DATA BUS LiL ota SSD) 
AANN vis Why 


Figure 3. Read Timing Characteristics 


AC Characteristics — Processor Interface Timing: Vpp = 5.0 v + 10%, Vsg = 0 V, Ta = -40°C to +85°C 


65C22 65C22A 65C22B 


Cycle Time EO. SR BE SYM SEM 
Read Timing (Figure 3) 
Peripheral Data Set-Up 300 | — | 150 , ol 110 | | ns 
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2 
CLOCK 


cui seLeCTS ZX_|__ | aaa 
Dara p25 
~ WT x 
_ —e ee te ets 
a 


Peripheral Data Set-Up 
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Peripheral Interface Characteristics 


ty, ts Rise and Fall Time for CA1, CB1, CA2, and CB2 us — 
Input Signals 

Tca2 Delay Time, Clock Negative Transition to CA2 1.0 Us 5a, 5b 
Negative Transition (read handshake or pulse mode) 

Trs Delay Time, Clock Negative Transition to CA2 Positive LS 5a 
Transition (pulse mode) 

Trs2 Delay Time, CA1 Active Transition to CA2 Positive 2.0 US 5b 
Transition (handshake mode) 

Twus Delay Time, Clock Positive Transition to CA2 or CB2 1.0 LS 5c, 5d 
Negative Transition (write handshake) 

Tops Delay Time, Peripheral Data Valid to CB2 Negative 0.20 15 US 5c, 5d 
Transition 

Trs3 Delay Time, Clock Transition to CA2 or CB2 us 5c 
Positive Transition (pulse mode) 

Trsa Delay Time, CA1 or CB1 Active Transition to CA2 or 2.0 US 5d 
CB2 Positive Transition (handshake mode) 


To Delay Time Required from CA2 Output to CA1 
Active Transition (handshake mode) 


Ti Set-up Time, Peripheral Data Valid to CA1 or CB1 300 
Active Transition (input latching) 
Tsp Shift-Out Delay Time — Time from ¢2 Falling Edge 

to CB2 Data Out 


Tsro Shift-In Setup Time — Time from CB2 Data in to 300 
2 Rising Edge 


Tsr3 External Shift Clock (CB1) Setup Time Relative to 100 Tey 
2 Trailing Edge 


eee 
Leal 


” 
on 
<o} 


Tpwi Set Up Required on CA1, CB1, CA2 or CB2 Prior to Tc + 50 
Triggering Edge 


Shift Register Clock — Delay from $9 
to CB1 Rising Edge 
to CB1 Falling Edge 


200 ns 5k 
125 ns 5k 
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2 


READ IRA 
OPERATION 


CA2 
“DATA TAKEN” 


Toa2 Trs1 


Figure 5a. CA2 Timing for Read Handshake, Pulse Mode 
2 


READ IRA 
OPERATION 


CA2 
“DATA TAKEN” 


ta Trs2 


a 


CAi 
“DATA READY” 


a 


{ ACTIVE 
~~ TRANSITION 


Figure 5b. CA2 Timing for Read Handshake, Handshake Mode 


2 
w 
oc 
OD 
cn 
© wy 
WRITE ORA, ORB — [ie] 
OPERATION [ome 
co 
rol 
CA2, CB2 
“DATA READY” 


Figure 5c. CA2, CB2 Timing for Write Handshake, Pulse Mode 


4-109 


Synertek | ss gy¥65022 


Figure 5d. CA2, CB2 Timi 


taltian. ae 


Tie 


TsR1 


(INPUT OR 
OUTPUT) 


Synertek. | SY65C22 


p2 


— a 
mae 4 ] 


Tsp 3 


SETUP TIME MEASURED TO THE FIRST #2 
RISING EDGE AFTER CB1 RISING EDGE 


Figure 5g. Timing for Shift In with Internal or External Shift Clocking 


CB1 
SHIFT CLOCK 
INPUT 


Ticw lego 


Figure 5h. External Shift Clock Timing 


PB6 
PULSE COUNT 
INPUT 


Figure 5i. Pulse Count Input Timing 


-PUL 


CAT, CA2 
CB1, CB2 


INTERRUPT 
GENERATING 
EDGE 


CB1 


TpPR TpPL 


Figure 5j. Setup Time to Triggering Edge Figure 5k. Shift-in/out with Internal Clock 
Delay CD2 to CB1 Edge 


4-111 


om] 
co 
o 
= 


PROCESSORS 


Synertek. 


Pin Descriptions 


RES (Reset) 

The reset input clears all internal registers to logic O 
(except T1 and T2 latches and counters and the Shift 
Register). This places all peripheral interface lines in the 
input state, disables the timers, shift register, etc. and 
disables interrupting from the chip 


o2 (Input Clock) 
The input clock is the system $2 clock and Is used to 
trigger all data transfers between the system processor 
and the SY65C22 


R/W (Read/Write) 

The direction of the data transfers between the SY65C22 
and the system processor 1s controlled by the R/W line. 
If R/W is low, data will be transferred out of the proces- 
sor into the selected SY65C22 register (write operation). 
lf R/W ts high and the chip is selected, data will be 
transferred out of the SY65C22 (read operation). 


SY65C22 


DBO-DB7 (Data Bus) 

The eight bi-directional data bus lines are used to 
transfer data between the SY65C22 and the system pro- 
cessor. During read cycles, the contents of the selected 
SY65C22 register are placed on the data bus lines and 
transferred into the processor. During write cycles, these 
lines are high-impedance inputs and data !s transferred 
from the processor into the selected register. When the 
SY65C22 1s unselected, the data bus lines are 
high-impedance. 


CS1, CS2 (Chip Selects) 

The two chip select inputs are normally connected to 
processor address lines either directly or through decod- 
ing The selected SY65C22 register will be accessed 
when C$1 is high and CS2 1s low. 


RSO-RS3 (Register Selects) 

The four Register Select inputs permit the system pro- 
cessor to select one of the 16 internal registers of the 
SY65C22, as shown in Figure 6 


Description 


Output Register ‘’B”’ Input Register “B’’ 


Output Register ““A’’ Input Register “A’’ 
Data Direction Register ‘’B”’ 


Data Direction Register “‘A”’ 


T1 Low-Order Latches T1 Low-Order Counter 


T1 High-Order Counter 
T1 Low-Order Latches 
T1 High-Order Latches 


T2 Low-Order Latches T2 Low-Order Counter 
T2C-H T2 High-Order Counter 


Shift Register 


Auxiliary Control Register 


Ld eae Te Or al 0. ROR Peripheral Control Register 


Register Register 

Number | RS3 | RS2 | RS1 | RSO | Desig. 

a TT 

1 [0 [o]o | 1 [oranra 

2 [o]o|1| 0 [oor 

= [| o[o|+| 4 [oora 

a {| ofa] of o [rer 

s fol1[ol[+ |tcw 

se fol+[+[o fm 

7 fo fs fs [ofr 

e [1 fol[olo [rma _ 

o [1 folo 

o [+fo[+|o|s 

nf fof+ |. face 

12 

13 | 1 {4 ] oo] 1 [tere | Interrupt Flag Register 
14 Fo a [af 1 [oo fir | Interrupt Enable Register 
15 


hee a ad ORA/IRA | Same as Reg 1 Except No “Handshake’”’ 


Figure 6. SY65C22 Internal Register Summary 
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IRQ (Interrupt Request) 

The Interrupt Request output goes low whenever an 
internal interrupt flag 1s set and the corresponding inter- 
rupt enable bit is a logic 1 This output is “open-drain” to 
allow the interrupt request signal to be ‘wire-or’ed” with 
other equivalent signals in the system 


PAO-PA7 (Peripheral A Port) 

The Peripheral A port consists of 8 lines which can be 
individually programmed to act as inputs or outputs 
under control of a Data Direction Register The polarity of 
output pins is controlled by an Output Register and input 
data may be latched into an internal register under con- 
trol of the CA1 line All of these modes of operation are 
controlled by the system processor through the tnternal 
control registers These lines represent one standard TTL 
load in the tnput mode and will drive one standard TTL 
load tn the output mode Figure 7 illustrates the output 
circuit 


CA1, CA2 (Peripheral A Control Lines) 
The two Peripheral A control lines act as interrupt inputs 
or as handshake outputs Each line controls an internal 


input mode and will drive one standard TTL load in the 
output mode In addition, they are capable of sourcing 
10 mA at 15 V DC in the output mode to allow the 
outputs to directly drive Darlington transistor circuits. 
Figure 8 is the circuit schematic 


CB1, CB2 (Peripheral B Control Lines) 

The Peripheral B control lines act as interrupt inputs or 
as handshake outputs As with CA1 and CA2, each line 
controls an interrupt flag with a corresponding interrupt 
enable bit. In addition, these lines act as a serial port 
under control of the Shift Register. These lines represent 
one standard TTL load in the input mode and will drive 
one standard TTL load in the output mode Unlike PBO- 
PB7, CB1 and CB2 cannot drive Darlington transistor 
circuits 


interrupt flag with a corresponding interrupt enable bit. Aureur | 
In addition, CA1 controls the latching of data on Peri- poner 
pheral A port tnput lines CA1 1s a high-impedance input 
only, while CA2 represents one standard TTL load in the pep ees 
input mode CA2 will drive one standard TTL load tn the 
output mode 
OUTPUT H 
DATA | 
INPUT DATA = 


+5V 


PAO-PA7, 
CA2 


1 
1/0 CONTROL | 
OUTPUT DATA i 
| 

INPUT DATA 


Figure 7. Peripheral A Port Output Circuit 


PBO-PB7 (Peripheral B Port) 

The Peripheral B port consists of eight bi-directional lines 
which are controlled by an output register and a data 
direction register in much the same manner as the PA 
port. In addition, the PB7 output signal can be controlled 
by one of the interval timers while the second timer can 
be programmed to count pulses on the PB6 pin. Peri- 
pheral B lines represent one standard TTL load in the 
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Figure 8. Peripheral B Port Output Circuit 


Functional Description 


Port A and Port B Operation 

Each 8-bit peripheral port has a Data Direction Reg!ster 
(DDRA, DDRB) for specifying whether the peripheral pins 
are to act as inputs or outputs AO in a bit of the Data 
Direction Register causes the corresponding peripheral 
pin to act as an input. A 1 causes the pin to act as an 
output. 


When programmed as an output each peripheral pin is 
also controlled by a corresponding bit in the Output Reg- 
ister (ORA, ORB). A 1 in the Output Register causes the 
output to go high, and a “0” causes the output to go low. 
Data may be written into Output Register bits corres- 
ponding to pins which are programmed as inputs. In this 
case, however, the output signal is unaffected. 


Reading a peripheral port causes the contents of the 
Input Register (IRA, IRB) to be transferred on to the Data 
Bus. With input latching disabled, IRA will always reflect 
the levels on the PA pins. With input latching enabled 
and the selected active transition on CA1 having 


ro) 
oe 
= 
= 
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occurred, IRA will contain the data present on the PA 
lines at the time of the transition. Once IRA is read, 
however, it will appear transparent, reflecting the cur- 
rent state of the PA lines until the next “‘latching”’ 
transition. 


The IRB register operates similar to the IRA register. 
However, for pins programmed as outputs there is a dif- 
ference. When reading IRA, the level on the pin 
determines whether a O or a 1 ts sensed. When reading 
IRB, however, the bit stored in the output register, ORB, 
is the bit sensed Thus, for outputs which have large 
loading effects and which pull an output “1°” down or 
which pull an output ‘’O” up, reading IRA may result in 
reading a “O” when a “1” was actually programmed, 
and reading a “1” when a “0” was programmed. Read- 
ing IRB, on the other hand, will read the “1” or “O” level 
actually programmed, no matter what the loading on the 


pin. 


Figures 9, 10, and 11 illustrate the formats of the port 
registers In addition, the input latching modes are 
selected by the Auxiliary Control Register (Figure 16.) 


Handshake Control of Data Transfers 

The SY65C22 allows positive control of data transfers 
between the system processor and peripheral devices 
through the operation of “handshake” lines. Port A lines 
(CA1, CA2) handshake data on both a read and a write 
operation while the Port B lines (CB1, CB2) handshake 
on a write operation only. 


Read Handshake 

Positive control of data transfers from peripheral devices 
into the system processor can be accomplished very 
effectively using Read Handshaking In this case, the 
peripheral device must generate the equivalent of a 
“Data Ready” signal to the processor signifying that valid 


REG 0 — ORB/IRB 


OUTPUT REGISTER “B” (ORB) 
OR 
INPUT REGISTER “’B” (ORB) 


Pin 
Data Direction WRITE 
Selection 

DDRB = “1 (OUTPUT) | MPU writes Output Level | MPU reads output register bit 
(ORB) in ORB Pin level has no affect 

DDRB = “0” (INPUT) MPU writes into ORB, but | MPU reads input level on PB 

(Input latching disabled) | no effect on pin Jevel, until] pin 
DDRB changed 


DDRB = “0” (INPUT) MPU reads IRB bit, which ts 
(Input latching enabled) the level of the PB pin at the 
time of the last CB1 active 

transition 


Figure 9. Output Register B (ORB), 
Input Register B (IRB) 


SY65C2Z 
REG 1—ORA/IRA 


PAO 
PA1 


PA2 
OUTPUT REGISTER “A” (ORA) 


PA3 
OR 
rao INPUT REGISTER “A” (IRA) 
PAS 
PA6 
PA7 


Pin 
Data Direction WRITE READ 
Selection 
DDRA = ‘1’ (OUTPUT) | MPU writes Output Level | MPU reads level on PA pin 
(Input latching disabled) | (ORA) 


DDRA = “'1"" (OUTPUT) MPU reads IRA bit which 1s 

(Input latching enabled) the level of the PA pin at the 
time of the last CA1 active 
transition 


DDRA = “0” (INPUT) MPU writes into ORA, but | MPU reads level on PA pin 
(Input latching d'sabled) no effect on pin level, until 
DDRA changed 


DDRA = “0” (INPUT) MPU reads IRA bit which 1s 

(Input latching enabled) the level of the PA pin at the 
time of the last CA1 active 
transition 


Figure 10. Output Register A (ORA), 
Input Register A (IRA) 


REG 2(DDRB) AND REG 3 (DDRA) 


PBO/PAO 
PB1/PA1 


PB2/PA2 


PB3/PA3| DATA DIRECTION REGISTER 
ppa/paal “B” OR “A” (DDRB/DDRA} 
PB5/PAS 

PBG/PAG 

PB7/PA7 


“0” ASSOCIATED PB/PA PIN IS AN INPUT 
(HIGH IMPEDANCE) 


“1 ASSOCIATED PB/PA PIN 1S AN OUTPUT, 
WHOSE LEVEL IS DETERMINED BY 
ORB/ORA REGISTER BIT 


Figure 11. Data Direction Registers (DDRB, DDRA) 


data is present on the peripheral port This signal nor- 
mally interrupts the processor, which then reads the 
data, causing generation of a ‘Data Taken” signal The 
peripheral device responds by making new data availa- 
ble. This process continues until the data transfer is 
complete. 


In the SY65C22, automatic “‘Read’’ Handshaking 1s pos- 
sible on the Peripheral A port only The CA1 interrupt 
input pin accepts the “Data Ready” signal and CA2 gen- 
erates the “Data Taken” signal. The ‘‘Data Ready” signal 
will set an internal flag which may interrupt the proces- 
sor or which may be polled under program control The 
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DATA READY’ 
(CA1) 


IRQ OUTPUT 


READ IRA OPERATION 


“DATA TAKEN” 
HANDSHAKE MODE 
(CA2) 


“DATA TAKEN” 


PULSE MODE | 
(CA2) 


Figure 12. Read Handshake Timing (Port A Only) 


OPERATION 


WRITE ORA, ORB | | | 


“DATA READY” 
HANDSHAKE MODE 
(CA2, CB2) | 


“DATA READY” 
PULSE MODE 
(CA2, CB2) 


“DATA TAKEN 
(CA1, CB1) | 


1RQ OUTPUT | j 


Figure 13. Write Handshake Timing 


“Data Taken” signal can either be a pulse or a level 
which ts set low by the system processor and !s cleared 
by the “Data Ready” signal These options are shown in 
Figure 12 which illustrates the normal Read Handshak- 
Ing sequence 


Write Handshake 

The sequence of operations which allows handshaking 
data from the system processor to a peripheral device 1s 
very similar to that described for Read Handshaking 
However, for Write Handshaking, the SY65C22 gener- 
ates the “Data Ready” signal and the peripheral device 
must respond with the “Data Taken” signal This can be 
accomplished on both the PA port and the PB port on the 
SY65C22 CA2 or CB2 act as a ‘Data Ready” output in 
either the handshake mode or pulse mode and CA1 or 
CB1 accept the ‘Data Taken” signal from the peripheral 
device, setting the interrupt flag and cleaning the “Data 
Ready” output This sequence is shown in Figure 13 


Selection of operating modes for CA1, CA2, CB1, and 


transfer the contents of the latches into the counter and 
begin to decrement again In addition, the timer may be 
programmed to invert the output signal on a peripheral 
pin each time it “times-out™ Each of these modes is dis- 
cussed separately below. 


The T1 counter ts depicted in Figure 15 and the latches 
in Figure 16 


Two bits are provided in the Auxiliary Control Register 
(bits 6 and 7) to allow selection of the T1 operating 
modes The four possible modes are depicted tn Figure 
17 


REG 12 — PERIPHERAL CONTROL REGISTER 


CA1 INTERRUPT CONTROL 


O= Rape ACTIVE EDGE 
1= Rape ACTIVE EDGE 


CB2 is accomplished by the Peripheral Control Register WeOseGebce CA2 CONTROL 
(Figure 14) 
INDEPENDENT INTERRUPT , 0 | INPUT NEGATIVE ACTIVE EDGE 


Timer Operation 

Interval Timer T1 consists of two 8-bit latches and a 
16-bit counter The latches are used to store data which 
is to be loaded into the counter After loading, the coun- 


INPUT-POS EDGE 


INDEPENDENT INTERRUPT | 
INPUT NEG EDGE 
INPUT POSITIVE ACTIVE EDGE 


INDEPENDENT INTERRUPT — 
INPUT POS EDGE 


HANDSHAKE OUTPUT 
PULSE OUTPUT 
LOW OUTPUT 


a LOW OUTPUT 
HIGH OUTPUT 


CB1 INTERRUPT CONTROL 


Co) 
o 
4 
= 
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ter decrements at ¢2 clock rate Upon reaching zero, an 
Interrupt flag will be set, and IRO will go low if the inter- 
rupt 1s enabled The timer will then disable any further 
interrupts, or (when programmed to) will automatically 


0 = NEGATIVE ACTIVE EDGE 
1 = POSITIVE ACTIVE EDGE 


“SEE NOTE ACCOMPANYING FIGURE 25 


HIGH OUTPUT 


Figure 14. CA1, CA2, CB1, CB2 Control 
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REG 4 — TIMER 1 LOW-ORDER COUNTER 


COUNT 
16 VALUE 
32 
64 
128 


WRITE — 8 BITS LOADED INTO T1 LOW-ORDER 
LATCHES LATCH CONTENTS ARE 
TRANSFERRED INTO LOW-ORDER 
COUNTER AT THE TIME THE HIGH- 
ORDER COUNTER IS LOADED (REG 5). 


READ — 8 BITS FROM T1 LOW-ORDER COUNTER 
TRANSFERRED TO MPU IN ADDITION, 
T1 INTERRUPT FLAG IS RESET (BIT 6 
IN INTERRUPT FLAG REGISTER) 


SY65C22 


REG 5 — TIMER 1 HIGH-ORDER COUNTER 


256 
512 
1024 


4096 
8192 
16384 


32768 


WRITE — 8 BITS LOADED INTO T1 HIGH-ORDER 
LATCHES ALSO, AT THIS TIME BOTH 
HIGH AND LOW-ORDER LATCHES 
TRANSFERRED INTO T1 COUNTER, 
AND INITIATES COUNTDOWN. T1 
INTERRUPT FLAG ALSO IS RESET 


READ — 8 BITS FROM T1 HIGH-ORDER COUNTER 
TRANSFERRED TO MPU 


Figure 15. 11 Counter Registers 


REG 6 — TIMER DOodgego Tel LATCHES 


Po 256 
2 512 
4 1024 
8 COUNT 2048 | COUNT 
1g | VALUE 4o9g | VALUE 
32 8192 
64 16384 
128 32768 
WRITE — 8 BITS LOADED INTO T1 LOW-ORDER WRITE — 8 BITS LOADED INTO T1 HIGH-ORDER 
LATCHES THIS OPERATION IS NO LATCHES UNLIKE REG 4 OPERATION 
DIFFERENT THAT A WRITE INTO NO LATCH-TO-COUNTER TRANSFERS 
REG 4 TAKE PLACE 
READ — 8 BITS FROM T1 LOW-ORDER LATCHES READ — 8 BITS FROM T1 HIGH-ORDER LATCHES 
TRANSFERRED TO MPU UNLIKE REG 4 TRANSFERRED TO MPU 
OPERATION, THIS DOES NOT CAUSE 
RESET OF T1 INTERRUPT FLAG 
Figure 16. 11 Latch Registers 
REG 11 — AUXILIARY CONTROL REGISTER 
I PA 
eT IMER CONTROL LATCH ENABLE/DISABLE 
= EO INTERRUPT 1 = ENABLE LATCHING 
EACH TIME T11S 
LOADED DISABLED 
7| CONTINUOUS 
INTERRUPTS 
1[0| TIMED INTERRUPT | ONE-SHOT 
EACH TIME T11S | OUTPUT SHIFT REGISTER CONTROL 
pon eee. [a|3|2|/OPERATION, 


CONTINUOUS SQUARE 
INTERRUPTS WAVE 
OUTPUT 


T2 TIMER CONTROL 


| 51 OPERATION 
| 0| TIMED INTERRUPT 


1; COUNT DOWN WITH 
PULSES ON PB6 


REG 7 — TIMER 1 HIGH-ORDER LATCHES 


BORSEERE 


: 


10 {0{0] DISABLED 
10 { 0] 1{ SHIFT IN UNDER CONTROL OF T2 


LO] 1/O|/SHIFTINUNDER CONTROL OF 02 
/0}1|1| SHIFT INUNDER CONTROL OF EXT CLK 
11 [0/0] SHIFT OUT FREE-RUNNING AT T2 RATE 
[1/0] 1|SHIFTOUTUNDER CONTROL OFT2 | 


| 14} 1{0} SHIFT OUT UNDER CONTROL OF 02 
|1|1{1| SHIFT OUT UNDER CONTROL OF EXT CLK 


Figure 17. Auxiliary Control Register 


2048 COUNT 
VALUE 


Note. The processor does not write directly into the low order 
counter (T1C-L). Instead, this half of the counter is loaded 
automatically from the low order latch when the processor 


writes into the high order counter 


In fact, it may not be 
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necessary to write to the low order counter in some applica- 
tlons since the timing operation ts triggered by writing to the 
high order counter. 
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WRITE T1C-H 
OPERATION | | / 


| 


PS) 


Q OUTPUT 


PB7 OUTPUT 
(T1, ONLY) 


T1 COUNT 


T2 COUNT 


N+ 15 CYCLES —————__—_______> 


Figure 18. Timer 1 and Timer 2 One-Shot Mode Timing 


Timer 1 One-Shot Mode 

The interval timer one-shot mode allows generation of a 
single interrupt for each Timer load operation In addi- 
tion, Timer 1 can be programmed to produce a single 
negative pulse on PB7 


To generate a single interrupt ACR bits 6 and 7 must be 
O then either TIL-L or TIC-L must be written with the 
low-order count value (A write to TIC-L ts effectively a 
Write to TIL-L) Next the high-order count value 1s writ- 
ten to TIC-H, (the value is simultaneously written into 
TIL-H), and TIL-L 1s transferred to TIC-L Countdown beg- 
ins on the ¢2 following the write TIC-H and decrements 
at the ¢@2 rate T1 interrupt occurs when the counters 
reach O Generation of a negative pulse on PB7 ts done 
in the same manner except ACR bit 7 must be a one 
PB7 will go low after a Write TIC-H and go high again 
when the counters reach 0 


The T1 interrupt flag is reset by either writing TIC-H 
(starting a new count) or by reading TIC-L. 


Timing for the one-shot mode is illustrated in Figure 18 


Timer 1 Free-Run Mode 

The most important advantage associated with the 
latches in T1 1s the ability to produce a continuous series 
of evenly spaced interrupts and the ability to produce a 
square wave on PB7 whose frequency ts not affected by 
variations in the processor interrupt response time This 
is accomplished tn the “free-running” mode 


In the free-running mode, the interrupt flag is set and 
the signal on PB7 ts inverted each time the counter 
reaches zero However, instead of continuing to decre- 
ment from zero after a time-out, the timer automatically 
transfers the contents of the latch into the counter (16 
bits) and continues to decrement from there, It is not 
necessary to rewrite the timer to enable setting the 


interrupt flag on the next time-out The interrupt flag can 
be cleared by reading TIC-L, by writing directly into the 
flag as described later, or if a new count value Is desired 
by a write to TIC-H. 


All interval timers in the SY65C22 are “‘re-triggerable”’ 
Rewriting the counter will always re-initialize the time- 
out period In fact, the time-out can be prevented 
completely if the processor continues to rewrite the 
timer before it reaches zero Timer 1 will operate in this 
manner if the processor writes into the high order coun- 
ter (T1C-H). However, by loading the latches only, the 
processor can access the timer during each down- 
counting operation without affecting the time-out tn 
process. Instead, the data loaded tnto the latches will 
determine the length of the next time-out period This 
Capability is particularly valuable in the free-running 
mode with the output enabled In this mode, the signal 
on PB7 ts inverted and the interrupt flag is set with each 
time-out By responding to the tnterrupts with new data 
for the latches, the processor can determine the period 
of the next half cycle during each half cycle of the output 
signal on PB7 In this manner, very complex waveforms 
can be generated Timing for the free-running mode !s 
shown tn Figure 19 


Timer 2 Operation 

Timer 2 operates as an interval timer (in the “‘one-slot”’ 
mode only), or as a counter for counting negative pulses 
on the PB6 peripheral pin. A single control bit is provided 
in the Auxiliary Control Register to select between these 
two modes. This timer is comprised of a “write-only” 
low-order latch (T2L-L), a “read-only” low-order counter 
and a read/write high order counter. The counter regis- 
ters act as a 16-bit counter which decrements at ®2 
rate Figure 20 illustrates the T2 Counter Registers. 
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WRITE T1C-H | | 
OPERATION 


ee ay 
aa oe aes ae 


eee N+1 Saar ean Cat eee 


PB7 OUTPUT 


Note: A precaution to take in the use of PB7 as the timer output concerns the Data Direction Register contents for PB7. Both 
DDRB bit 7 and ACR bit 7 must be 1 for PB7 to function as the timer output. If either is a0, then PB7 functions as a normal 
output pin, controlled by ORB bit 7. 


Figure 19. Timer 1 Free-Run Mode Timing 


Timer 2 One-Shot Mode 

As an interval timer, T2 operates tn the ‘one-shot’ mode 
similar to Timer 1, In this mode, T2 provides a single 
interrupt for each “write T2C-H” operation After timing 
out, (reading O) the counters “‘roll-over’’ to all 1's 
(FFFF,g) and continue decrementing, allowing the user 
to read them and determine how long T2 interrupt has 
been set. However, setting of the interrupt flag will be 
disabled after initial time-out so that it will not be set by 
the counter continuing to decrement through zero. The 
processor must rewrite T2C-H to enable setting of the 
interrupt flag. The interruput flag is cleared by reading 
T2C-L or by writing T2C-H. Timing for this operation is 
shown in Figure 18. 


Timer 2 Pulse Counting Mode 

In the pulse counting mode, T2 serves primarily to count 
a predetermined number of negative-going pulses on 
PB6. This ts accomplished by first loading a number into 
T2. Writing into T2C-H clears the interrupt flag and 
allows the counter to decrement each time a pulse !s 
applied to PB6. The interrupt flag will be set when T2 
reaches zero. At this time the counter will continue to 
decrement with each pulse on PB6. However, it Is 
necessary to rewrite T2C-H to allow the interrupt flag to 
set on subsequent down-counting operations Timing for 
this mode is shown in Figure 21 The pulse must be low 
on the leading edge of 62 


REG 8 — TIMER 2 LOW-ORDER COUNTER 


WRITE — 8 BITS LOADED INTO T2 LOW ORDER 
LATCHES 


READ— 8 BITS FROM T2 LOW-ORDER COUNTER 
TRANSFERRED TO MPU T2 INTERRUPT 
FLAG iS RESET 


REG 9 — TIMER 2 HIGH-ORDER COUNTER 


BOBoHano 


256 
512 
1024 


2048 COUNT 
VALUE 
4096 


8192 
16384 


32768 


WRITE — 8 BITS LOADED INTO T2 HIGH ORDER 
COUNTER ALSO, LOW-ORDER LATCHES 
TRANSFERRED TO LOW-ORDER 
COUNTER IN ADDITION, T2 INTERRUPT 
FLAG IS RESET 


READ — 8 BITS FROM T2 HIGH-ORDER COUNTER 
TRANSFERRED TO MPU 


Figure 20. T2 Counter Registers 
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Shift Register Operation 

The Shift Register (SR) performs serial data transfers 
into and out of the CB2 pin under control of an internal 
modulo-8 counter. Shift pulses can be applied to the CB1 
pin from an external source or, with the proper mode 
selection, shift pulses generated internally will appear on 
the CB1 pin for controlling external devices. 


The control bits which select the various shift register 
operating modes are located in the Auxiliary Control Reg- 
ister Figure 22 illustrates the configuration of the SR 
data bits and the SR control bits of the ACR 


Figures 23 and 24 illustrate the operation of the various 
shift register modes. 


Interrupt Operation 

Controlling interrupts within the SY65C22 involves three 
principal operations These are flagging the interrupts, 
enabling interrupts and signaling to the processor that 
an active interrupt exists within the chip. Interrupt flags 
are set by interrupting conditions which exist within the 
chip or on inputs to the chip. These flags normally 
remain set until the interrupt has been serviced To 
determine the source of an interrupt, the microprocessor 
must examine these flags in order from highest to lowest 
priority. This is accomplished by reading the flag register 
Into the processor accumulator, shifting this register 


WRITE T2C-H 
OPERATION 


SY65C22 


either right or left and then ustng conditional branch 
instructions to detect an active interrupt. 


Associated with each interrupt flag is an interrupt enable 
bit. This can be set or cleared by the processor to enable 
interrupting the processor from the corresponding inter- 
rupt flag. If an interrupt flag is set to a logic 1 by an 
interrupting condition, and the corresponding interrupt 
enable bit is set to a 1, the Interrupt Request Output 
(IRQ) will go low. IRO 1s an “open-collector’’ output 
which can be “wire-or’ed”’ with other devices in the sys- 
tem to interrupt the processor. 


In the SY65C22, all interrupt flags are contained in one 
register. In addition, bit 7 of this register will be read as a 
logic 1 when an interrupt exists within the chip. This 
allows very convenient polling of several devices within 
a system to locate the source of an interrupt. 


SR Disabled (000) 

The OOO mode !s used to disable the Shift Register. In 
this mode the microprocessor can write or read the SR, 
but the shifting operation is disabled and operation of 
CB1 and CB2 is controlled by the appropriate bits in the 
Peripheral Control Register (PCR). In this mode the SR 
Interrupt Flag is disabled (held to a logic O). 


PB6 [INPUT | | | j 7/ | | 


(RQ OUTPUT 


N-2 rbd 2 | ; 1 | 0 


Figure 21. Timer 2 Pulse Counting Mode 


REG 10 — SHIFT REGISTER 


BOBEERBE 


SHIFT 
REGISTER 
BITS 


NOTES 

1 WHEN SHIFTING OUT BIT 7 IS THE FIRST BIT 
OUT AND SIMULTANEOUSLY IS ROTATED BACK 
INTO BIT 0 

2 WHEN SHIFTING IN, BITS INITIALLY ENTER 
BIT 0 AND ARE SHIFTED TOWARDS BIT 7 


i 


REG 11 — AUXILIARY CONTROL REGISTER 


SHIFT REGISTER 
MODE CONTROL 


SHIFT OUT FREE-RUNNING AT T2 RATE 
SHIFT OUT UNDER CONTROL OF T2 
SHIFT OUT UNDER CONTROL OF «9 


SHIFT GUT UNDER CONTROL OF EXT CLK 


Figure 22. SR and ACR Control Bits 
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Shift in Under Control of T2 (001) 

In the 001 mode the shifting rate 1s controlled by the low 
order 8 bits of T2 Shift pulses are generated on the CB1 
pin to control shifting in external devices. The time 
between transitions of this output clock 1s a function of 
the system clock period and the contents of the low 
order T2 latch (N) 


The shifting operation is triggered by writing or reading 
the shift register Data is shifted first into the low order 


bo 
WRITE OR READ 
SHIFT REG 
N+2 CYCLES 


CB1 OUTPUT 1 
SHIFT CLOCK 


SY65C22 


bit of SR and ts then shifted into the next higher order bit 
of the shift register on the negative-going edge of each 
clock pulse. The input data should change before the 
positive-going edge of the CB1 clock pulse. This data Is 
shifted into the shift register during the ¢» clock cycle 
following the positive-going edge of the CB1 clock pulse. 
After 8 CB1 clock pulses, the shift register interrupt flag 
will be set and IRQ will go low. 


CYCLES 


sean TMX = XTX = XK XU X= KT 
re essences cc 


Shift in Under Control of ¢2 (010) 

In mode 010 the shift rate is a direct function of the sys- 
tem clock frequency CB1 becomes an output which 
generates shift pulses for controlling external devices 
Timer 2 operates as an independent interval timer and 
has no effect on SR. The shifting operation is triggered 


by reading or writing the Shift Register. Data is shifted 
first into bit O and is then shifted tnto the next higher 
order bit of the shift register on the trailing edge of each 
$2 Clock pulse. After 8 clock pulses, the shift register 
interrupt flag will be set, and the output clock pulses on 
CB1 will stop. 


| 
pata LLL 2 2 EX =X K_§ ULL 
Ge ee 


Shift in Under Control of External CB1 Clock (011) 

In mode 011 CB1 becomes an input This allows an 
external device to load the shift register at its own pace. 
The shift register counter will interrupt the processor 
each time 8 bits have been shifted in. However, the shift 
register counter does not stop the shifting operation; It 
acts simply as a pulse counter Reading or writing the 


Po 


CB1 INPUT 1 2 
SHIFT CLOCK 


DATA LLL 2. KL CLLR» RY LEE LLL 


Shift Register resets the Interrupt flag and initializes the 
SR counter to count another 8 pulses. 


Note that the data is shifted during the first system clock 
cycle following the positive-going edge of the CB1 shift 
pulse. For this reason, data must be held stable during 
the first full cycle following CB1 going high 


3 4 8 


es 


Figure 23. Shift Register Input Modes 
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Shift Out Free-Running at T2 Rate (100) Shift Register bit 7 (SR7) ts recirculated back into bit O, 
Mode 100 1s very similar to mode 101 tn which the shift- the 8 bits loaded into the shift register will be clocked 
ing rate is set by T2. However, in mode 100 the SR onto CR2 repetitively In this mode the shift register 
Counter does not stop the shifting operation. Since the counter is disabled and IRQ Is never set 


‘bo 


WRITE SR 
OPERATION 


N+2 CYCLES N+2 CYCLES | 
CB1 OUTPUT 1 2 3 4 ; | 8 | | 9 | 
SHIFT CLOCK 


pata SWWWWWWYK__t XX KKK 


Shift Out Under Control of T2 (101) 


In mode 101 the shift rate is controlled by T2 (as in the generated on CB1 to control shifting in external devi- 
previous mode). However, with each read or write of ces. After the 8 shift pulses, the shifting is disabled, the 
the shift register the SR Counter ts reset and 8 bits are SR Interrupt Flag is set and CB2 remains at the last 
shifted onto CB2 At the same time, 8 shift pulses are data level 
v, 
cox TLELP LILI LIL LU LLL Ly PLL L$ 
| 
WRITE SR | 


OPERATION 


N+2 CYCLES N+2 CYCLES 
| 


CB1 OUTPUT 1 2 3 8 
SHIFT CLOCK 


DATA» NNWXXAAMMAMMMMYK Ot 


Shift Out Under Control of ¢2 (110) clock 
In mode 110, the shift rate is controlled by the ¢2 system 


Po 
CLOCK 


| | 
WRITE SR 
OPERATION 
ak oe 


CB1 OUTPUT 
SHIFT CLOCK M é 3 : 


DATA AA SD SS O/C 


Mee ee 


w 

[os 

a) 

Own 

Shift Out Under Control of External CB1 Clock (111) eo co 

In mode 111 shifting is controlled by pulses applied to Interrupt flag is reset and the SR counter ts initialized to = S 

the CB1 pin by an external device. The SR counter sets begin counting the next 8 shift pulses on pin CB1. After a. 
the SR Interrupt flag each time it counts 8 pulses but it 8 shift pulses, the interrupt flag is set. The microproces- 
does not disable the shifting function. Each time the sor can then load the shift register with the next byte of 

microprocessor writes or reads the shift register, the SR data. 


| 
WRITE SR 


OPERATION 


para, MAX K Kt __— 
ie, 


Figure 24. Shift Register Output Modes 
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The Interrupt Flag Register (IFR) and Interrupt Enable 
Register (IER) are depicted in Figures 25 and 26, 
respectively. 


The IFR may be read directly by the processor. In addi- 
tion, individual flag bits may be cleared by writing a “1” 
into the appropriate bit of the IFR When the proper chip 
select and register signals are applied to the chip, the 
contents of this register are placed on the data bus. Bit 7 
Indicates the status of the IRQ output. This bit corres- 
ponds to the logic function: IRO = IFR6 x IER6 + IFR5 x 
IER5 + IFR4 x JER4 + IFR3 x IER3 + JFR2 x IER2 + IFR1 x 
IER1 + IFRO x IERO. Note X = logic AND, + = Logic OR. 


The IFR bit 7 is not a flag Therefore, this bit is not 
directly cleared by writing a logic 1 into tt. It can only be 
cleared by clearing all the flags in the register or by dis- 
abling all the active interrupts as discussed in the next 
section. 


REG 13 — INTERRUPT FLAG REGISTER 


SET BY CLEARED BY 


CA2 ACTIVE EDGE READ OR WRITE 
caencrivesDse | Ree a ona 
REG 1 (ORA) 
COMPLETE 8 SHIFTS {| READ OR WRITE 
SHIFT REG 


CB2 ACTIVE EDGE READ OR WRITE ORB* 
CB1 ACTIVE EDGE READ OR WRITE ORB 


WRITE T2 HIGH 
WRITE T1 HIGH 
INTERRUPT INTERRUPTS 
* IF THE CA2/CB2 CONTROL IN THE PCR IS SELECTED AS 
“INDEPENDENT” INTERRUPT INPUT, THEN READING OR 
WRITING THE OUTPUT REGISTER ORA/ORB WILL NOT 
CLEAR THE FLAG BIT INSTEAD, THE BIT MUST BE 


CLEARED BY WRITING INTO THE IFR, AS DESCRIBED 
PREVIOUSLY 


ie 1 


IRQ 


Figure 25. Interrupt Flag Register (IFR) 


For each interrupt flag in IFR, there is a corresponding bit 
in the Interrupt Enable Register The system processor 
can set or clear selected bits in this register to facilitate 
controlling individual interrupts without affecting others 
This 1s accomplished by writing to address 1110 (IER 


Package Availability 40 Pin Molded DIP 
Ordering Information 


65C22 
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address). If bit 7 of the data placed on the system data 
bus during this write operation is a O, each 1 tn bits 6 
through O clears the corresponding bit in the Interrupt 
Enable Register, For each zero tn bits 6 through O, the 
corresponding bit is unaffected 


Setting selected bits in the Interrupt Enable Register is 
accomplished by writing to the same address with bit 7 
in the data word set to a logic 1. In this case, each 1 In 
bits 6 through O will set the corresponding bit. For each 
zero, the corresponding bit will be unaffected. This tndi- 
vidual control of the setting and clearing operations 
allows very convenient control of the interrupts during 
system operation 


In addition to setting and clearing IER bits, the processor 
can read the contents of this register by placing the 
proper address on the register select and chip select 
Inputs with the R/W line high. Bit 7 will be read as a 
logic 1. 


REG 14 — INTERRUPT ENABLE REGISTER 


GOEREBEE 


SHIFT REG 

CB2 0 = INTERRUPT DISABLED 
CB1 1= INTERRUPT ENABLED 
TIMER 2 

TIMER 1 

SET/CLEAR 


NOTES 

1 IF BIT7ISA“0", THEN EACH ’'1” IN BITS 0 - 6 DISABLES THE 
CORRESPONDING INTERRUPT 

2 IF BIT7IS A “1”, THEN EACH “1” IN BITS 0 - 6 ENABLES THE 
CORRESPONDING INTERRUPT 

3 IF A READ OF THIS REGISTER IS DONE, BIT 7 WILL BE “1’"’ AND 
ALL OTHER BITS WILL REFLECT THEIR ENABLE/DISABLE STATE 


Figure 26. Interrupt Enable Register (IER) 


PREFIX TEMPERATURE RANGE PACKAGE TYPE DEVICE TYPE BUS SPEED 
NO DESIGNATOR -40 to +85 P MOLDED DIP NO DESIG 
M -55 to +125 A1 MHz 
X SPECIAL B 2 MHz 
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PRELIMINARY 


Features 


e On-Chip Baud Rate Generator 15 Programmable Baud 
Rates Derived from a Standard 1 8432 MHz External 
Crystal (50 to 19,200 Baud) 

Programmable Interrupt and Status Register to Simplify 
Software Design 

Single Power Supply, 3 to 6 Voc 

Serial Echo Mode 

False Start Bit Detection 

8 Bit Bi-Directional Data Bus for Direct Communication 
with the Microprocessor 


External 16x Clock Input for Non-Standard Baud Rates 
(Up to 125 Kbaud) 

Programmable Word Lengths, Number of Stop Bits, 
and Parity Bit Generation and Detection 

Data Set and Modem Control Signals Provided 

Parity (Odd, Even, None, Mark, Space) 

Full-Duplex or Half Duplex Operation 

5,6, 7,8 and 9 Bit Transmission 

Low Power Consumption 

1,2, 3, or 4 MHz MPU Bus Operation 


Description 


The SY65C51 1s a CMOS Asynchronous Communications 
Adapter Its inherent low power requirements and noise 
immunity make it an tdeal communications device for 
remote site monitoring installations, military, industrial and 
harsh environment applications. It was initially intended for 
interfacing the 6500 and 6800 microprocessors to serial 


Pin Configuration 


communication data sets and modems, but ts easily inter- 
faced to all popular microprocessors A unique feature Is 
the inclusion of an on-chip programmable baud rate gener- 
ator, with a crystal being the only external component 
required 


Block Diagram 
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CONTROL 
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REGISTER 


CONTROL 
REGISTER 


RECEIVE 
DATA 
REGISTER 
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Figure 1. Block Diagram 
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SHIFT 
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Absolute Maximum Ratings" Comment* 


Symbol | Allowable Range Stresses above those listed under ‘‘Absolute Maximum Rat- 
03Vtot70V ings may cause permanent damage to the device. This isa 
stress rating only and functional operation of the device at 


Input/Output Voltage -0.3 V to+7.0V these or any other conditions above those indicated in the 
Operating Temperature 0°C to +70°C operational sections of this specification is not implied. 
Storage Temperature -55°C to 150°C 


All inputs contain protection circuttry to prevent damage to high static 
charges. Care should be exercised to prevent unnecessary application of 
voltages in excess of the allowable limits 


Supply Voltage 


D.C. Characteristics (Vpp = 5.0 V + 5%, T, = -40 to +85°C, unless otherwise noted) 


Input Leakage Current: Vin = 0.4 to 2.4 V, Vop = 9.25 V _ 
(62, R/W, RES, CSo, CS;, RSo, RS;, CTS, RxD, DCD, DSR) 


Input Leakage Current for High Impedance State (Three State) 
Output High Voltage: I_oap = —200 nA 
(DBo - DB7, TxD, RxC, RTS, DTR) 
Output Low Voltage: Io, = 3.2 mA __ 
(DBo - DB7, TxD, RxC, RTS, DTR, IRQ) 
Supply Current (No Loads) f= 1 MHz 
f = 2 MHz 


Standby Power Dissipation (¢2 = Vix, Inputs = Vss or Vpp, No 
Loads, with Internal XTAL Feedback Disconnected 


Power Dissipation (See Graph) (Ta = 0°C) Vcc = 


Power Dissipation vs. Temperature 


200 
175 
TYPICAL 
POWER 450 
DISSIPATION 
(mW) 
125 
100 
0 20 40 60 80 


Txmpient (C) 
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aida \\\\ GD. 


DATA BUS 


Figure 2. Write Timing Characteristics 


Write Cycle (Vpp =5.0 V + 5%, Ta = -40 to +85°C, unless otherwise noted) 


SY65C51 SY65C51A 
Characteristic Symbol 


Data Bus Hold Time 


(ta and te = 30 ns MAX) 


Crystal Specification Clock Generation 
1. Temperature stability + 0.01% (O° C to 70°C) 
2. Characteristics at 25°C + 2°C 


EXTERNAL xTAL1 


a. Frequency (MHz) 1 8432 CLOCK 
b. Frequency tolerance (+%) 0.02 
c. Resonance mode Series 
d. Equivalent resistance (ohm) 400 max. 
e. Drive level mW 2 
OPEN 
f. Shunt Capacitance pF 7 max SIRCUIT 
g. Oscillation mode Fundamental 
No other external components should be in the crystal 
circuit. INTERNAL CLOCK EXTERNAL CLOCK 
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Figure 3. Read Timing Characteristics 


Read Cycle (Vpp = 5.0 V + 5%, Ta = -40 to +85°C, unless otherwise noted) 


Characteristic 


Test Load OPEN COLLECTOR 
OUTPUT TEST LOAD 


5V 


3KQ 


PIN 


100 pF 


IK 


C = 130 pF MAX. FOR DB0O-DB7 
C = 30 pF MAX. FOR ALL OTHER OUTPUTS ce 
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XTAL1 
(TRANSMIT 
CLOCK INPUT) 


TxD 


NOTE. TxD rate ts 1/16 TxC rate. 


Figure 4a. Transmit Timing with External Clock 


RxC 
(INPUT) 


NOTE RxD rate ts 1/16 RxC rate. 


Figure 4c. Receive External Clock Timing 


Transmit/Receive Characteristics 


Characteristic 


Baud Rate = 


*The baud rate with external clocking ts. 


SY65C51 


o2 
toy 
DTR, RTS 
tira 
iRO 
(CLEAR) 


Figure 4b. Interrupt and Output Timing 


16 x Tecy 


Interface Signal Description 


RES (Reset) 


During system initialization a low on the RES input will 
cause internal registers to be cleared. 


62 (Input Clock) 


The input clock is the system $2 clock and is used to trigger 
all data transfers between the system microprocessor and 
the SY65C51. 


R/W (Read/Write) 


The R/W is generated by the microprocessor and Is used to 
control the direction of data transfers. A high on the R/W 
pin allows the processor to read the data supplied by the 
SY65C51. A low on the R/W pin allows a write to the 
SY65C51. 


IRQ (Interrupt Request) 


The IRQ pin is an interrupt signal from the interrupt control 
logic. It is an open drain output, permitting several devices 
to be connected to the common IRO microprocessor input. 
Normally a high level, IRQ goes low when an interrupt 
occurs. 


DBo-DB7 (Data Bus) 
The DBy-DB7 pins are the eight data lines used for transfer 
of data between the processor and the SY65C51. These 


lines are bi-directional and are normally high-impedance 
except during Read cycles when selected. 


CSo, CS; (Chip Selects) 
The two chip select inputs are normally connected to the 


processor address lines either directly or through decoders. 
The SY65C51 is selected when CSpo is high and CS; is low. 
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RS,, RS, (Register Selects) 


The two register select lines are normally connected to the 
processor address lines to allow the processor to select the 
various SY65C51 internal registers. The following table 
Indicates the internal register select coding: 

Reset (Data is 


Pas; | Aso] wee [Read 
CT? Tee 
Register 
1 
Pt fo | Command Register 


Register 
Status Register 
Control Register 


The table shows that only the Command and Control regis- 
ters are read/write. The Programmed Reset operation does 
not cause any data transfer, but 1s used to clear the 
SY65C51 registers. The Programmed Reset 1s slightly dif- 
ferent from the Hardware Reset (RES) and these differences 
are described in the individual register definitions. 


Programmed 


ACIA/Modem Interface Signal Description 
XTAL1, XTAL2 (Crystal Pins) 


These pins are normally directly connected to the external 
crystal (1.8432 MHz) used to derive the various baud rates. 
Alternatively, an externally generated clock may be used to 
drive the XTAL1 pin, in which case the XTAL2 pin must 
float. 


TxD (Transmit Data) 


The TxD output line is used to transfer serial NRZ (non- 
return-to-zero) data to the modem. The LSB (least 
significant bit) of the Transmit Data Register is the first data 
bit transmitted and the rate of data transmission is deter- 
mined by the baud rate selected. 


RxD (Receive Data) 


The RxD input line is used to transfer serial NRZ data into 
the ACIA from the modem, LSB first. The receiver data rate 
is either the programmed baud rate or the rate of an exter- 
nally generated receiver clock This selection is made by 
programming the Control Register. 


RxC (Receive Clock) 


The RxC is a bi-directional pin which serves as either the 
receiver 16x clock input or the receiver 16x clock output. 
The latter mode results if the internal baud rate generator is 
selected for receiver data clocking. 


RTS (Request to Send) 


The RTS output pin is used to control the modem from the 
processor. The state of the RTS pin ts determined by the 
contents of the Command Register. 


CTS (Clear to Send) 


The CTS input pin is used to control the transmitter opera- 
tion. The enable state is with CTS low. The transmitter is 
automatically disabled if CTS is high. 


SY65C51 


DTR (Data Terminal Ready) 


This output pin is used to indicate the status of the 
SY65C51 to the modem. A low on DTR indicates the 
SY65C51 1s enabled and a high indicates it is disabled. The 
processor controls this pin via bit O of the Command 
Register. 


DSR (Data Set Ready) 


The DSR input pin is used to indicate to the SY65C51 the 
status of the modem. A low indicates the ‘‘ready” state and 
a high, “not-ready”. DSR is a high-impedance input and 
must not be a no-connect. If unused, it should be driven 
high or low, but not switched. 


Note. If Command Register Bit O = 1 and a change of state 
on DSR occurs, IRO will be set, and Status Register Bit 6 
will reflect the new level. The state of DSR does not affect 
either Transmitter or Receiver operation. 


DCD (Data Carrier Detect) 


The DCD input pin ts used to indicate to the SY65C51 the 
status of the carrier-detect output of the modem. A low 
Indicates that the modem carrier signal is present and a 
high, that it 1s not. DCD, like DSR, is a high-impedance 
input and must not be a no-connect. 


Note. If Command Register Bit O = 1 and a change of state 
on DCD occurs, IRQ will be set, and Status Register Bit 5 
will reflect the new level. The state of DCD does not affect 
Transmitter operation, but must be low for the Receiver to 
operate. 


Internal Organization 


The Transmitter/Receiver sections of the SY65C51 are 
depicted by the block diagram in Figure 5. 


RECEIVER 
SHIFT REGISTER 


CLOCK 
DIVIDER 
(-16) 


RxD 


RxC 


CONTROL 
REGISTER 
BIT 4= "1" 


CLOCK 
DIVIDER 
(-16) 


BAUD 
RATE 
GENERATOR 


BITS 0-3 IN 
CONTROL 


REGISTER 
TxD 


TRANSMITTER 
SHIFT REGISTER 


Figure 5. Transmitter/ Receiver Clock Circuits 


Bits Q-3 of the Control Register select the divisor used to 
generate the baud rate for the Transmitter. If the Receiver 
clock is to use the same baud rate as the Transmitter, then 
RxC becomes an output pin and can be used to slave other 
circuits to the SY65C51. 
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Control Register 


The Control Register is used to select the desired mode for 
the SY65C51. The word length, number of stop bits, and 
clock controls are all determined by the Control Register, 
which ts depicted in Figure 6. 


CONTROL REGISTER 


BAUD RATE 
GENERATOR 


rotoloja| 50 BAUD 


STOP BITS 
0 = 1 Stop Bit 


1 = 2 Stop Bits 
1 Stop Bit 1f Word Length 

= 8 Bits and Parity* 

1% Stop Bits :f Word Length 
= 5 Bits and No Parity 


WORD LENGTH 


DATA WORD 
LENGTH 


RECEIVER CLOCK SOURCE 


0 = External Receiver Clock 
1 = Baud Rate Generator 


*This allows for 9-bit transmission (8 data bits plus parity) 


7 6 5 4 3 2 0 

HARDWARE RESET fofojlofofofo]o| 
PROGRAM RESET =| ~ | — | - | ~ | - |] - | - | - | 
Figure 6. Control Register Format 


Command Register 


The Command Register is used to control Specific Trans- 
mit/Receive functions and 1s shown tn Figure 7. 


COMMAND REGISTER 


PARITY CHECK CONTROLS 
OPERATION 


Parity Disabled - No Parity Bit 
Generated - No Parity Bit Received 
Odd Parity Receiver and Transmitter 
Even Parity Receiver and 
Transmitter 
Mark Parity Bit Transmitted, 
Parity Check Disabled 
Space Parity Bit Transmitted, 
Parity Check Disabled 


DATA TERMINAL READY 
0 = Disable Receiver and All 
Interrupts (DTR high) 


1 = Enable Receiver and All 
Interrupts (DTR low) 


RECEIVER INTERRUPT ENABLE 
0 = IRQ Interrupt Enabled from Bit 3 


of Status Register 
1=IRO Interrupt Disabled 


TRANSMITTER CONTROLS 
TRANSMIT RTS 
INTERRUPT TRANSMITTER 


NORMAL/ECHO MODE 
FOR RECEIVER 


0 = Normal 


1 = Echo (Bits 2 and 3 
must be ‘’0’’) 


7 6 5 4 3 2 1 «=O 
HARDWARE RESET | 0 | 0 | 0 | 0 | o | o [0] 0 | 
PROGRAM RESET { —|- | - | 0] 0] 0] o[ 0} 


Figure 7. Command Register Format 
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Status Register 


The Status Register is used to indicate to the processor the 
status of various SY65C51 functions and ts outlined in Fig- 
ure 8. 


BEEBoERo 


STATUS SET BY CLEARED BY 


‘| 0 = No Error 
* HH 
Parity Error 1. = Eos Self Clearing 
* 


-— 


0 = No Error ee 

0 = No Error ae 
Receive Data Read Receive 
Register Full Data Register 
Transmit Data 0 = Not Empty Write Transmit 
Register Empty.} 1 = Empty Data Register 


Not Resettable 


ad Reflects DSR 


| 9 Not Resettable 
DcD 0: DED Reflects DCD 
1= DCD 
State 
0 = DSR 
1= DSR 


L 
H 


0 = No Interrupt | Read 
1 = Interrupt Status Register 


*NO INTERRUPT GENERATED FOR THESE CONDITIONS. 
**CLEARED AUTOMATICALLY AFTER A READ OF RDR AND 
THE NEXT ERROR FREE RECEIPT OF DATA 


7. 6 5 4 3 2 1 ~«0 
HaRDWaRrE RESET | 0 | — | — [1 | 0 | 0 | 0 | 0 | 
PROGRAMRESET: [oe (oe |e |p Ot = | 


Figure 8. Status Register Format 


Package Availability 28 Pin Molded DIP 


Ordering Information 


SY M P 


PREFIX TEMPERATURE RANGE PACKAGE 
P — Molded DIP 


No Designator — -40°C to +85°C 
X — Special 
M— -55°C to +125°C 


SY65C51 


Transmit and Receive Data Registers 


These registers are used as temporary data storage for the 
65C51 Transmit and Receive circuits. The Transmit Data 
Register is characterized as follows: 


e Bit O is the leading bit to be transmitted. 


e Unused data bits are the high-order bits and are “don't 
care’ for transmission. 


The Receive Data Register is characterized in a similar 
fashion: 


e Bit O is the leading bit received. 


e Unused data bits are the high-order bits and are ‘’O” for 
the receiver. 


e Parity bits are not contained in the Receive Data Regis- 
ter, but are stripped-off after being used for external | 
parity checking. Parity and all unused high-order bits are | 
a 

Figure 9 illustrates a single transmitted or received data 

word, for the example of 8 data bits, parity, and 1 stop bit. 


“MARK” “MARK” 
ots t2tspetsje}7}r} 
ST, AA 

DATA BITS 
START PARITY 
BIT BIT 
STOP BIT 


Figure 9. Serial Data Stream Example 


65C51 X 


tC 


DEVICE TYPE BUS SPEED 
No Designator — 1 MHz 
A — 2 MHz 
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Features 


¢ Complete microcomputer with on-chip RAM, ROM and 
I/O 
— 128 bytes of on-chip RAM 
— 2K bytes of on-chip ROM 
— 32 1/0 lines 
Two programmable 8-bit counter/timers, each with a 
6-bit programmable prescaler 
Full-duplex UART clocked by an internal timer 
144-byte register file includes 
— 124 general-purpose registers, each of which can 
be used as an accumulator, index register, storage 
element, address register or part of the internal 
stack 
— Four !/O port registers 
— Sixteen status and control registers 


Description 


The Z8 microcomputer introduces a new level of sophistica- 
tion to single-chip architecture Compared to earlier 
single-chip microcomputers, the Z8 offers faster execution, 
more efficient use of memory, more sophisticated tnterrupt, 
input/output and bit-manipulation capabilities, and easier 
system expansion 


XTAL AS DS R/W RESET 


MACHINE TIMING & 
INSTRUCTION CONTROL 


PROGRAM 
MEMORY 
2048 x 8 BIT 


OUTPUT INPUT 


TIMER/ 


COUNTERS 
(2) | REG POINTER, POINTER | 
REGISTER FILE PROGRAM 
INTERRUPT 124 x 8 BIT § COUNTER 


CONTROL 


ADDRESS OR I/O ADDRESSI/DATA OR I/0 
(BITPROGRAMMABLE) (NIBBLE PROGRAMMABLE) (BYTE PROGRAMMABLE) 


Figure 1. Block Diagram 


Z8601 


Z8 Family of Single-Chip 
Microcomputers 


Register pointer permits shorter, faster instructions to 
access one of nine working-register groups 
Vectored, prioritized interrupts for |/O, counter/timers 
and UART 
Expandable bus tnterfaces up to 62K bytes each of 
external program memory and external data memory 
On-chip oscillator can be driven by a crystal, RC, LC or 
external clock Source 
High-speed instruction execution 

— Working-register operations = 1 5 us 

— Average instruction execution = 2 2 us 

— Longest instruction = 5 us 
Low-power standby mode retains contents of general- 

purpose registers 

Single +5 V supply 
All 1/O pins TTL compatible 


Under program control, the Z8 can be tailored to the needs 
of its user It can be configured as a stand-alone microcom- 
puter with 2K of internal ROM, a traditional microprocessor 
that manages up to 124K of external memory, or a parallel- 
processing element tn a system with other processors and 
peripheral controllers linked by the Z-Bus. In all configura- 
tions, a large number of pins remain available for |/O 


Pin Description 


PO,-PO,, P15-P17, P29-P2,, P3,5-P35. //O Port Lines 
(Input/Outputs, TTL compatible) These 32 lines are divided 
into four 8-bit |/O ports that can be configured under pro- 
gram control for |/O or external memory interface 


AS. Address Strobe (output, active Low) Address Strobe !s 
pulsed once at the beginning of each machine cycle 
Addresses are output via Ports O and 1 for internal and 
external program fetches and external data memory 
transfers The addresses for all external program or data 
memory transfers are valid at the trailing edge of AS Under 
program control, AS can be placed in the high-impedance 
state along with Ports O and 1, Data Strobe and Read/Write 


DS. Data Strobe (output, active Low) Data Strobe ts acti- 
vated once for each external memory transfer 


R/W. Read/Write (output) R/W is Low when the Z8 is 
writing to external program or data memory 


Copyright 1979 by Zilog, Inc All rights reserved No part of this publication may be reproduced, stored tn a retrieval system, or transmitted, in 
any form or by any means, electronic, mechanical, photocopying, recording, or otherwise, without the prior written permission of Zilog 


Reproduced by permission 


*Z8 is a trademark of Zilog Inc 
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Pin Description (Cont.) 


XTAL1, XTAL2. Crysta/ 1, Crystal 2 (time-base input and 
output). These pins connect a series-resonant crystal (8 
MHz maximum), LC network, RC network or an external 
single-phase clock (8 MHz maximum) to the on-chip clock 
oscillator and buffer. 


RESET. Reset (input, active Low). RESET initializes the Z8. 
When RESET is deactivated, the Z8 begins program execu- 
tion from internal program location OOOC,,. 


Voc 1 40 P3, 
XTAL2 2 39 P3, 
XTAL1 3 38 P2, 

P3, 4 37 P2, 

P3, 5 36 P2, 
RESET 6 35 P2, 

RIW 7 34 P2, 

BS 8 33 P2, 

KS 9 32 P2, 

P3, 10 31 P2, 

GND 11 30 P3, 

P3, 12 29 P3, 

PO, 13 28 P1, 

PO, 14 27 Pt, 

PO, 15 26 Pt, 

PO, 16 25 Pt, 

PO, 17 24 Pt, 

PO, 18 23 P1, 

PO, 19 22 Pt, 

PO, 20 21 Pt, 


RESET Voc 
TIMING NA 
AND il GND 
CONTROL DS XTAL1 
eee CLOCK 
KS XTAL2 
P2o 
P2, 
P2, 
PORT 0 PORT 2 


(NIBBLE 


P2; (BIT PRO. 
PROGRAMMABLE) 


p2,  [ GRAMMABLE) 


ee 
vTwvTvuOUlUC TUChUCTTCUCTOUhUTVU 
FE EEFEEEL SF 
ogee: ww NH = 


WO OR Ag-Ais5 VO 
P2, 
P2, 
P2, 
Pi P3, 
Pt, P3, 
Pt, P3, PORT 3 
PORT 1 (FOUR INPUT; 
(BYTE P13 P3, FOUR OUTPUT). 
PROGRAMMABLE) Pt, P3, SERIAL AND 
10 OR ADo~AD7 PARALLEL t/O 
Pi; P3, AND CONTROL 
Pi, P3, 
P1, P3, 


Figure 3. Pin Functions 
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Architecture 


Z8 architecture is characterized by a flexible 1/0 scheme, 
an efficient register and address space structure and a 
number of ancillary features that are heipful in many 
applications. 


Microcomputer applications demand powerful I/O capabili- 
ties. The Z8 fulfills this with 32 pins dedicated to input and 
output. These lines are grouped into four ports of eight lines 
each and are configurable under software control to provide 
timing, status signals, serial or parallel |/O with or without 
handshake, and an address/data bus for interfacing exter- 
nal memory. 


Because the multiplexed address/data bus is merged with 
the |/O-oriented ports, the Z8 can assume many different 
memory and |/O configurations. These configurations range 
from a self-contained microcomputer to a microprocessor 
that can address 120K of external memory 


The Z8 offers three basic address spaces to support this 
wide range of configurations: program memory (internal 
and external), data memory (external) and the register file 
(internal). The 144-byte random-access register file 1s com- 
posed of 124 general-purpose registers, 4 !/O port registers, 
and 16 control and status registers. 


To unburden the program from coping with real-time prob- 
lems such as serial data communication and 
counting/timing, the Z8 offers an on-chip asynchronous 
receiver/transmitter (UART), and two counter/timers with a 
large number of user-selectable modes. Hardware support 
for the UART is minimized because one of the on-chip 
timers supplies the bit clock with selectable baud rates 


Address Spaces 


Program Memory. The 16-bit program counter addresses 
64K bytes of program memory space. Program memory can 
be located in two areas: one internal and the other external 
(Figure 4). The first 2048 bytes consist of on-chip mask- 
programmed ROM. At addresses 2048 and greater, the Z8 
executes external program memory fetches. 


The first 12 bytes of program memory are reserved for the 
interrupt vectors. These locations contain six 16-bit vectors 
that correspond to the six available interrupts. 


Data Memory. The Z8 can address 62K bytes of external data 
memory beginning at locations 2048 (Figure 5). 
External data memory may be included with or separated 
from the external program memory space. DM, an optional 
I/O function that can be programmed to appear on pin P3,, 
is used to distinguish between data and program memory 
space. 


Register File. The 144-byte register file includes four !/O 
port registers (RO-R3), 124 general-purpose registers (R4- 
R127) and sixteen control and status registers (R240-R255). 
These registers are assigned the address locations shown 
in Figure 6. 
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Address Spaces (Cont.) 


Z8 instructions can access registers directly or indirectly 
with an 8-bit address field The Z8 also allows short 4-bit 
register addressing using the register pointer (one of the 
control registers). In the 4-bit mode, the register file is 
divided into nine working-register groups, each occupying 
sixteen contiguous locations (Figure 7). The register pointer 
addresses the starting location of the active working- 
register group. 


65535 FFFF 


EXTERNAL 
ROM OR RAM 


4096 


4095 OF FF 


ON CHIP 


Location of 
first byte of 
instruction 
ORO CULO Ii aaa: n= cars esi ream coe mnie, 
after reset 


o000c 


Interrupt 
Vector 
{Lower Byte) 


Intereupt 
Vector 
(Upper Byte) 


0000 


Figure 4. Program Memory Map 


LOCATION IDENTIFIERS 
NOT 
IMPLEMENTED 
127 
GENERAL PURPOSE 
REGISTERS 
4 
3 P3 
2 P2 
1 Pt 
0 PO 


Figure 6. The Register File 
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Stacks. Either the internal register file or the external data 
memory can be used for the stack A 16-bit stack pointer 
(R254 and R255) is used for the external stack, which can 
reside anywhere in data memory between locations 2048 
and 65535 An 8-bit stack pointer (R255) is used for the 
internal stack which resides within the 124 general- 
purpose registers (R4-R127) 


65535 


EXTERNAL 
DATA 


MEMORY 


NOT ADDRESSABLE 


Figure 5. Data Memory Map 


The upper nibble of the register file address 
oOo provided by the register pointer specities 
the active working register group 


The lower 
mibbie of 

the register 
tile address 
Provided by 
the instruction 
points to the 
specified 
register 


SPECIFIED WORKING 
REGISTER GROUP 


REGISTER FILE 


Figure 7. The Register Pointer 
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[/O Ports 


The Z8 has 32 lines dedicated to input and output. These 
lines are grouped into four ports of eight lines each and are 
configurable as input, output or address/data. Under soft- 
ware control, the ports can be programmed to provide 
address outputs, timing, status signals, serial 1/O, and 
paralled 1/O with or without handshake All ports have 
active pull-ups and pull-downs compatible with TTL loads. 


Port 41 


Port 1 can be programmed as a byte I/O port or as an 
address/data port for interfacing external memory. When 
used as an |/O port, Port 1 may be placed under handshake 
control In this configuration, Port 3 lines P33 and P3, are 
used as the handshake controls RDY1 and DAV1 (Ready 
and Data Available) 


Memory locations greater than 2048 are referenced 
through Port 1. To interface external memory, Port 1 must 
be programmed for the multiplexed address/data mode 
(AD g-AD;) If more than 256 external locations are required, 
Port O must output the additional lines. 


Port 1 can be placed in the high-impedance state along with 
Port 0, AS, DS and R/W, allowing the Z8 to share common 
resources in multiprocessor and DMA applications. Data 
transfers can be controlled by assigning P3, as a Bus 
Acknowledge input, and P3, as a Bus Request output 


PORT 1 
(VO OR ADy-AD;) 


DAV1 AND RDY1 


HANDSHAKE CONTROLS 
(P3, AND P3,) 


PORT 1 


Port 0 


Port O can be programmed as a nibble I/O port, or as an 
address port for interfacing external memory. When used as 
an I/O port, Port O may be placed under handshake control. 
In this configuration, Port 3 lines P3, and P3, are used as 
the handshake controls DAVO and RDYO. 


For external memory references, Port O can provide address 
bits Ag-A,, (lower nibble) or Ag-Ay, (lower and upper nib- 
ble) depending on the required address space. If the address 
range requires 12 bits or less, the upper nibble of Port 0 can 
be programmed independently as I/O while the lower nib- 
ble is used for addressing. When Port O nibbles are defined 
as address bits, they can be set to the high-impedance state 
along with Port 1 and the control signals AS, DS and R/W. 
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PORT 0 
(WO OR Ag-A,s) 


HANDSHAKE CONTROLS 
\ DAVO AND RDYO 
(P32 AND P3,) 


PORTO 


Port 2 


Each bit of Port 2 can be programmed independently as an 
input or an output, and ts always available for 1/O opera- 
tions. In addition, Port 2 can be configured to provide 
open-drain outputs. 


Like Ports O and 1, Port 2 may also be placed under handshake 
control. In this configuration, Port 3 lines P3, and P3, are 
used as the handshake controls lines DAV2 and RDY2. The 
handshake signal assignment for Port 3 lines P3, and P3, is 
dictated by the direction (input or output) assigned to bit 7 of 
Port 2. 


PORT 2(1/O) 


HANDSHAKE CONTROLS 
} DAV2 AND RDY2 
(P3, AND P3,) 


PORT 2 


Port 3 


Port 3 lines can be configured as1/O or control lines. In either 
case, the direction of the eight lines is fixed as four input 
(P3,-P33) and four output (P3, -P3,). For serial I/O, lines P3, 
and P3, are programmed as serial in and serial out 
respectively 


Port 3 can also provide the following control functions: 
handshake for Ports 0, 1 and 2 (DAV and RDY); four exter- 
nal interrupt request signals (IRQO-IRQ3); timer input and 
output signals (T\, and Toyz) and Data Memory Select (DM). 


PORT 3 
(VO OR CONTROL) 


PORT 3 
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Serial Input/Output 


Port 3 lines P3, and P35 can be programmed as serial |/O 
lines for full-duplex serial asynchronous receiver/transmitter 
operation. The bit rate is controlled by counter/timer O, witha 
maximum rate of 62 5 kilobits per second. 


The Z8 automatically adds a start bit and two stop bits to 
transmitted data (Figure 8) The Z8 can also provide odd parity 
Eight data bits are always transmitted, regardless of parity 


TRANSMITTED DATA — NO PARITY 


[SP SP] 7 | Ds] 0s] D4] Ds] 02] 0, | Os] ST] 


| is sects BIT 
EIGHT DATA BITS 


TWO STOP BITS 


TRANSMITTED DATA — WITH PARITY 


[s]s°]  [o.[os[o.]o.]0.[>, [>] st] 
| aaa BIT 
SEVEN DATA BITS 
ODD PARITY 
TWO STOP BITS 
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selection. If parity is enabled, the eighth bit is the odd parity bit 
An interrupt request (IRQ4) is generated on all transmitted 
characters. 


Received data must have a start bit, eight data bits and at least 
one stop bit If parity 1s on, bit 7 of the received data is replaced 
by a parity error flag Received characters generate the IRQ3 
interrupt request 


RECEIVED DATA — NO PARITY 


LSP] Dy [D6 [D5] D4 [03] 02] Ds | Dy] ST 


| aa BIT 
EIGHT DATA BITS 


ONE STOP BIT 


RECEIVED DATA — WITH PARITY 


}SP | P | Ds 0s] D4} D3 D2] Ds] Do | ST] 


| aa BIT 
SEVEN DATA BITS 
PARITY ERROR FLAG 


ONE STOP BIT 


Figure 8. Serial Data Formats. 


Counter/Timers 


The 28 contains two 8-bit programmable counter/timers (Tp 
and T,), each driven by its own 6-bit programmable pres- 
caler The T, prescaler can be driven by internal or external 
clock sources, however, the Ty prescaler ts driven by the 
internal clock only 


The 6-bit prescalers can divide the input frequency of the 
clock source by any number from 1 to 64 Each prescaler 
drives its counter, which decrements the value (1 to 256) 
that has been loaded into the counter When the counter 
reaches the end of count, a timer interrupt request — IRO4 
(To) or IROS (T,) — 1s generated 


The counters can be started, stopped, restarted to continue, 
or restarted from the initial value The counters can also be 
programmed to stop upon reaching zero (single-pass mode), 
or to automatically reload the initial value and continue 


‘counting (modulo-n continuous mode) The counters, but 


not the prescalers, can be read any time without disturbing 
their value or count mode 


The clock source for T, 1s user-definable and can be the 
internal microprocessor clock (4 MHz maxtmum) divided by 
four, or an external signal input via Port 3 The Timer Mode 
register configures the external timer input as an external 
clock (1 MHz maximum), a trigger input that can be 
retriggerable or non-retriggerable, or as a gate input for the 
internal clock. The counter/timers can be programmably 
cascaded by connecting the Ty output to the input of T, 


Port 3 line P3, also serves as a timer output (Toyz) through 
which To, T, or the internal clock can be output 


Inferrupts 


The Z8 allows six different interrupts from eight sources: the 
four Port 3 lines P3,5-P33, Serial In, Serial Out, and the two 
counter/timers. These interrupts are both maskable and 
prioritized The Interrupt Mask Register globally or individually 
enables or disables the six interrupt requests. When more 
than one interrupt ts pending, priorities are resolved by a 
programmable priority encoder that is controlled by the Inter- 
rupt Priority Register. 


All Z8 interrupts are vectored When an interrupt request ts 
granted, the Z8 enters an interrupt machine cycle that dis- 
ables all subsequent interrupts, saves the program counter 
and status flags, and branches to the program memory vector 
location reserved for that interrupt. This memory location and 
the next byte contain the 16-bit address of the interrupt ser- 
vice routine for that particular interrupt request. 


The, 28 also supports polled systems. To accommodate a 
polled structure, any or all of the interrupt inputs can be 
masked and the Interrupt Request Register polled to deter- 
mine which of the interrupt requests needs service. 
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Clock 


The on-chip oscillator has a high-gain, series-resonant ampli- 
fier for connection to a crystal or to any suitable external clock 
source (XTAL1 = Input, XTAL2 = Output). 


The crystal source 1s connected across XTAL1 and XTAL2, 
using the recommended capacitors (C, = 15 pF) from each 
pin to ground. The specifications for the crystal are as 
follows: 


— AT cut, series resonant 
— Fundamental type, 8 MHz maximum 
— Series resistance Ro <= 1000 


Power Down Standby Option 


The low-power standby mode allows power to be removed 
without losing the contents of the 124 general-purpose regis- 
ters. This mode ts available to the user as a bonding option 
whereby pin 2 (normally XTAL2) is replaced by the VaMm 
(standby) power supply input. This necessitates the use of an 
external clock generator (input = XTAL1) rather than a crystal 
source. 


The removal of power, whether intended or due to power 
failure, must be preceded by a software routine that stores the 
appropriate status into the register file. Figure 9 shows the 
recommended circuit for a battery back-up supply system 


| 28602 Development Device 


‘The 64-pin development version of the 40-pin mask- 

‘programmed Z8 allows the user to prototype the system in 

hardware with an actual Z8 device, and develop the code 
that is eventually mask-programmed into the on-chip ROM 
of the Z8601. 


_ The 28602 is identical to the Z8601 with the following _ 


exceptions: 
— The internal ROM has been removed 


— The ROM address lines and data lines are buffered and 
brought out to external pins 


— Control lines for the new memory have been added 


TRICKLE 
CHARGE 


if 


Figure 9. Recommended Driver Circuit for Power 
Down Operation. 
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Addressing Modes 


The following notation is used to describe the addressing 
modes and instruction operations as shown in the instruc- 
tion summary. 


IRR Indirect register pair or indirect working-register pair 
address 


Irr Indirect working-register pair only 

X Indexed address 

DA Direct address 

RA Relative address 

IM Immediate 

R_ Register or working-register address 

r Working-register address only 

IR Indirect-register or indirect working-register address 
Ir Indirect working-register address only 


RR Register pair or working register pair address 


Symbols 

dst Destination location or contents 

src Source location or contents 

cc Condition code (see Itst) 

@ Indirect address prefix 

SP Stack pointer (control registers 254-255) 
PC Program counter 


FLAGS Flag register (control register 252) 
RP Register pointer (control register 253) 


IMR Interrupt mask register (control register 251) 


Assignment of a value is indicated by the symbol ‘’-" For 
example, 
dst ~ dst + src 


indicates that the source data is added to the destination 
data and the result is stored in the destination location. The 
notation ‘‘addr(n)’’ is used to refer to bit ‘‘n”’ of a given loca- 
tion. For example, 

dst (7) 
refers to bit 7 or the destination operand. 
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Flags 

Control Register R252 contains the following six flags Affected flags are indicated by’ 

C Carry flag V Overflow flag O Cleared to zero 

Z Zero flag D Decimal-adjust flag 1 Set to one 

S Sign flag H_ Half-carry flag * Set or cleared according to operation 
— Unaffected 
X Undefined 


Condition Codes 


Condition Codes 
Value Mnemonic Meaning Flags Set 


« 1000 Always true --- 
0111 C Carry C=1 
1111 NC No Carry C=0 
0110 Z Zero Z2=1 
1110 NZ Not zero Z=0 
1101 PL Plus S$=0 
0101 MI Minus S=1 
0100 OV Overflow V=1 
1100 NOV No overflow V=0 
0110 EQ Equal Z=1 
1110 NE Not equal Z=0 
1001 GE Greater than or equal (S XOR V)=0 
0001 LT Less than (S XOR V)= 1 
1010 GT Greater than [{Z OR (S XOR V)} =O 
0010 LE Less than or equal {Z OR (S XOR V)j = 1 
1111 UGE Unsigned greater than or equal C=0 
0111 ULT Unsigned less than C= 
1011 UGT Unsigned greater than (C=OandZ=0)=1 
0011 ULE Unsigned less than or equal (CorZ)=1 
0000 Never true 25 
Instruction Formats 
OPC CCF, Di, El, IRET, NOP, 
RCF, RET, SCF 
[| dst_| orc | INC r 
ONE-BYTE INSTRUCTIONS 
RRC, SRA, SWAP | src or {11 10[ src | sages 

JP, CALL (Indirect) EE OSE) a 
ee 

ee Mere on CTTaLamT) Monsees sia” 
SRP TCM, TM, XOR 

| MODE | OPC LD 
| opc | MODE | ADC, ADD, AND, roo cree OR iar ol aren 
[ast [sre FoM, TM, XOR Past on [111 0] ast_| 

’ ’ L, 

MORE | ore tc. Lol fuone Tore] to 
LD 
oR {111 0} sro_ | co] one | JP 

| DA, | 
[dst_[ oPc | Lo 

OPC CALL 
OPC DJNZ, JR 
TWO-BYTE INSTRUCTIONS THREE-BYTE INSTRUCTIONS 


Figure 11. Instruction Formats. 
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Z8 Opcode Map 


Lower Nibble (Hex) 


0 1 2 3 4 § 6 7 8 9 
6,5 6,5 6,5 6,5 10,5 10,5 10,5 10,5 6,5 65 
0 DEC | DEC | ADD | ADD | ADD | ADD | ADD/ ADD LD LD 
Ri IR; Th, 42 r1,Ir2 Rz,Ri |1R2,Ri | Ri,IM } IRi,1M 11, R2 r2 Ri 
6,5 6,5 6,5 6,5 10,5 10,5 10,5 10,5 
1 RLC | RLC } ADC | ADC | ADC | ADC | ADC| ADC 
Ri IR) rm, 42 ri,Ir2 | R2,Ri |IR2,Ri | Ri,IM | IRi,1M 
6,5 6,5 6,5 6,5 16,5 10,5 10,5 10,5 
2 INC | INC | SUB | SUB | SUB | SUB | SUB! SUB 
Ri IR r1,12 r},Ir2 | R2,Ri |IR2,Ri | Ri,IM | IRi,IM 
i. 0 6,1 6,5 6,5 10,5 10,5 10,5 10,5 
3 SRP | SBC | SBC | SBC | SBC | SBC | SBC 
a IM 1,42 ri,ir2_j R2,Ri {UR2,Ri | Ri,IM } IRi,IM 
. 7 . . ps . 5 . 3 . 
4 
ah r1,Y2 rl, si 2 ir rs - Ri, ae jae i 
10,5 10,5 6,5 6,5 10,5 10,5 10,5 10,5 
5 se POP AND AND AND AND AND AND 
IR. ri,12 r1,Ir2 R2,R: | 1R2,Ri | Ri,IM [ IRi,1M 
6,5 6,5 10,5 10,5 10,5 10,5 
~ 6 com COM | TCM To TCM TCM TCM TCM 
5 IR ri,r2_ | ri,Ir2 | R2,Ri |IR2,Ri | Ri, IM } IRi,IM 
cad 10/12, 1) 12:14,1 10,5 ar 5 10,5 - 
< 7 | PUSH | PUSH ™ 
a R2 IR2 r1,12 Tr), ie R2, Ri ey a4 Ri,IM a ae 
= 10,5 | 10,5 | 12,0 | 18,0 
2. 8 DECW |DECW | LDE LDEI 
a. RRi IR, ri,Irr2 {Irq, Irr2 
to] 
12,0 18,0 
93 LDE LDEI 
ii r2, lrri J1r2,Irry 
10,5 10,5 i an 10,5 10,5 
A INCW | INCW CP CP 
RR IRi ri,T2 rl, oe ay . ie < Ri,IM | IRi, 1M 
6,5 ae : 10,5 10,5 10,5 
B CLR XOR XOR XOR 
IR, IR2,Ri | Ri,IM | IRi,IM 
Cc RRC LDCI 
IRi ri, Irr2 J Irj, Irr2 
; 6,5 12,0 20,0 
D SRA LDC oar 
IR} r2,Irry {Ir2, Irry 
' i 5 ip 5 - 5 = 5 
E 
rl, ae a a a os a of a Bei 
. a i 
F a 
hie oe 12 a a 
Bytes Per 2 3 
Instruction 


Lower Opcode Nibble 


Execution Cycles Pipeline Cycles 


Upper Opcode Nibble—» A Mnemonic 


First Operand Second Operand 


*2 byte instruction, fetch cycle appears as a 3 byte instruction 
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12/10 5 


DJNZ 
r1,RA 


12/10 0 


cc,RA] 11 IM 


fo) 
o 
—_ — 


ro = 
® S mo 
OQ Oo i oo 


eee” 
2 


3 l 


Legend: 

R = 8-Bit Address 

r = 4-Bit Address 

R;, or r; = Dst Address 
Src Address 


R2 orr2 = 


Sequence: 
Opcode, First Operand, Second Operand 


Note: The blank areas are reserved 
instructions 


Z&601 


Synertek. 


Instruction 
Summary 


Instruction Addr Mode seo Flags Affected 
ee Se te 2 
and Operation Nee. care (Hox) ene 
ADC dst,src (Note 1) li x * & *& Q * 
dst — dst + src + C 
ADD dst,src (Note 1) Ow +k ke & DO * 
dst ~— dst + src 
AND dst,src (Note 1) 5. -* * QO - - 
dst — dst AND src 
CALL dst DA Tec, +2 aoe oe 
SP — SP - 2 IRR D4 
@SP ~— PC, PC — dst 
CCF EF a es apes 
C-NOTC 
CLR dst R BO 4 Aa 
dst — 0 IR Bl 
COM dst R 60 ae OO SS 
dst ~ NOT dst IR 6] 
CP dst,src (Note 1) AQ ee cuore ee why 
dst - src 
DA dst R 40 a ae 
dst — DA dst IR 4) 
DEC dst R ee 5S Sa Soe os ce 
dst — dst - | IR 0] 
DECW dst RR 80 —- * * ke 
dst — dst - 1 IR 8) 
DI BR te oe oe fae 
IMR (7) — 0 
DJNZ r,dst RA HS. ~ Sates! tas ee wae 
| ieee Olen ] r-=O-F 
ifr #Q PC -—PC + dst 
Range +127, ~-128 
EI OR Belek Bos 
IMR (7) — 1 
INC dst Tr rf —_ k* k* kee = 
dst — dst + ] r=0-F 
R 20 
IR 2) 
INCW dst RR AO —_ * ek ke 
dst — dst + 1 IR Al 
IRET BF a ee 


FLAGS — @SP, SP — SP + 1 


PC — @SP, SP—SP + 2, IMR(7) ~— 1 


JP cc,dst DA eae 
if cc 1s true C= OlF 
PC — dst IRR 30 
JR cc,dst RA BN. ee ee: Benes Hoe Se 
if cc 1s true, o=OcF 
PC — PC + dst 
Range +127, -128 
LD dst,src r IM aoe ee 
dst — src r R r8 
R r9 
r=0-F 
r X C7 
xX r D7 
r if E3 
Ir r F3 
R R E4 
R IR E5 
R IM E6 
IR IM E7 
IR R F5 
LDC dst,src r Try (or ee 
dst — src Irr r D2 
LDCI dst,src Ir Irr i © yey ft ae Oe A 
dst — src rt Ir D3 
r-—r¢+1, rr-rr+] 
LDE dst,src r Irr BD: - oe See ee 
dst ~— src rrr r 92 
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Instruction Addr Mode Ee Flags Affected 
ok te 
and Operation ue soon (Hex) CZSVDH 
LDEI dst,src Ir Irr 83 ------ 
dst — src Irr Ir 93 
r-r+]1,rr-—rr+] 
NOP FF  ------ 
OR dst,src (Note 1) 4. -* * QO - - 
dst — dst OR src 
POP dst R 50 ------ 
dst — @SP IR eh 
SP — SP + ] 
PUSH src R (ee 
SP —SP-1, @SP — src IR 71 
RCF CF Q----- 
C-0 
RET PR eS elas 
PC ~ @SP, SP—~SP + 2 
RL dst aie & . der GR. es ge aa 
RLC dst R 10 a i 
IR 1] 
RR dst zg premeng EO ee ae OS: 
RRC dst R iG) i 
a) IR Cl 
SBC dst,src (Note 1) 30 * ek ek we Le 
dst — dst-src-C 
SCF DF }--+---- 
C- ] 
SRA aera oe DO * * # QO - - 
oo ir D1 
SRP src IM 31 ------ 
RP — src 
SUB dst,src (Note 1) 2s * ke ke we |] * 
dst ~— dst - src 
SWAP dst -t,+, R FO X * * X - - 
IR Fl 
TCM ast,src (Note 1) 6L, -~ **Q- - 
(NOT dst) AND src, 
TM dst,src (Note 1) 70 - * *Q- - 
dst AND src 
XOR dst,src (Note 1) BL, -~ * * OQ - - 


dst — dst XOR src 


Note | 


[hese instructions have an identical set of addressing 
modes, which are encoded for brevity in this table The 
higher opcode nibble is found in the instruction set table 
above The lower nibble is expressed symbolically by a 
in the table above, and its value is found in the following 
table to the nght of the applicable addressing mode pair 


For example, the opcode of an ADC instruction using 
the addressing modes r (destination) and Ir (source) 1s 13 


Addr Mode 
dst src 
r r 
r Ir 
R R 
R IR 
R IM 
IR IM 


Lower 
Opcode Nibble 


iy] [> (>) fe SS) 
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— 
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Z8 Control Registers 


R240 SiO 
SERIAL 1/O REGISTER 
(FO; READ/WRITE) 


D, De Dy Dy Ds 0, D, Dy 


| 


SERIAL DATA (Dy = LSB) 


R241 TMR 
TIMER MODE REGISTER 
(F1,,; READ/WRITE) 


D, 0, OD, D, D3; D, D, Dy 


c— 


GATE INPUT 

TRIGGER INPUT 

(NON RETRIGGERABLE) 
TRIGGER INPUT = 11 

(RETRIGGERABLE) ’ 


01 
10 


Toyr MODES 0 = NO FUNCTION 
RESERVED = 00 1 = LOAD T, 
T = 
T, oye = Ab 0 = DISABLE T, COUNT 
INTERNAL CLOCK OUT = 11 1 = ENABLE T, COUNT 
0 = NO FUNCTION 
Ty MODES : 
EXTERNAL CLOCK INPUT = 00 Te BORD 
0 
1 


uoueow 


DISABLE T, COUNT 
ENABLE T, COUNT 


R242 71 
COUNTER TIMER 1 REGISTER 
(F2,,; READ/WRITE) 


[Dr | Dg} 05 [D4 {03 02] | Oo| 


| T, INITIAL VALUE (WHEN WRITTEN) 
(RANGE 1 256 DECIMAL 01 00 HEX) 


T, CURRENT VALUE (WHEN READ) 


* R243 PRE1 
PRESCALER 1 REGISTER 
(F3,,, WRITE ONLY) 


[Dr [Ds] Bs | Os | 5 {02 | 0, | Oo] 


|_counr MODE 
0 = T, SINGLE PASS 
1 = T, MODULON 


Z8601 


R244 TO 
COUNTER/TIMER O REGISTER 
(F4,,; READ/WRITE) 


b;.'0;.Ds...0y Dy 05-0, D5 


| T, INITIAL VALUE (WHEN WRITTEN) 
(RANGE 1 256 DECIMAL 01 00 HEX) 


T, CURRENT VALUE (WHEN READ) 


R245 PREO 
PRESCALER O REGISTER 
(F5,,; WRITE ONLY) 


D, 0,'D, D, D, Dz D, Dy 


| counr MODE 
0 = Ty SINGLE PASS 
1 = T, MODULO N 


RESERVED 


PRESCALER MODULO 
(RANGE 1-64 DECIMAL 
01-00 HEX) 


p 


R246 P2M 
PORT 2 MODE REGISTER 
(F6,,; WRITE ONLY) 


[Dy [De [Os 04] Ds 02  D, [Do] 


| P2, P2, VO DEFINITION 
0 DEFINES BIT AS OUTPUT 


1 DEFINES BIT AS INPUT 


” 
ft 


R247 P3M 
PORT 3 MODE REGISTER 
(F7,,; WRITE ONLY) 


[Dr [De | Ds | Dy | Ds] Dr | Ds [Do] 


| 0 PORT 2 PULL UPS OPEN DRAIN 
1 PORT 2 PULL UPS ACTIVE 


RESERVED 
CLOCKeSOURCE 
0 P32 INPUT P35 OUTPUT 
0 1, EXTERNAL TIMING INPUT 1 P32 DAVO/RDYO P35  RDYO/DAVO 
(Tiny) MODE 
1 T, INTERNAL 00 P33. INPUT P34 OUTPUT 
01 
PRESCALER MODULO 19} P33 INPUT P34 OOM 
(RANGE 1-64 DECIMAL 11 P33 OAVI/RDY1 P34 = RDYI/DAV1 


01-00 HEX) 


0 P31 INPUT (T,y) P36 OUTPUT (Toys) 
1P31 DAVZIRDY2 P36 RDY2/DAV2 


0P30 INPUT P37) OUTPUT 
1P30 SERIALIN P37 SERIAL OUT 
0 PARITY OFF 

1 PARITY ON 
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Z8 Control Registers 


R248 PO1M 
PORT O AND 1 MODE REGISTER 
(F8,,; WRITE ONLY) 


[Dr] De} Ds | D4 | 05] D2] 0, [Do) 


PO,-P0, MODE P0,-P0, MODE 
OUTPUT = 00 00 = OUTPUT 
INPUT = 01 01 = INPUT 
Aya-Aig = 1X 1X = Ay-A;, 
EXTERNAL MEMORY TIMING STACK SELECTION 
NORMAL = 0 0 = EXTERNAL 
EXTENDED = 1 1 = INTERNAL 
P1,-P1, MODE 
00 = BYTE OUTPUT 
01 = BYTE INPUT 


10 = A0D,-AD, 


11 = HIGH IMPEDANCE ADo-AD7, AS, DS, R/W, 


As-A11, Ai2-A15 IF SELECTED 


R249 IPR 
INTERRUPT PRIORITY REGISTER 
(F9,,, WRITE ONLY) 


RESERVED aa) INTERRUPT GROUP PRIORITY 

RESERVED = 000 

IRQ3, IROS PRIORITY (GROUP A) C >A>B = 001 

0 = IRQS > IRQ3 A>®8>C = 010 

1 = IRQ3 > IRQS A>C>B = 011 

B>C>A = 100 

IRQO, IRQ2 PRIORITY (GROUP B) er eae 

0 = IRQ2 > IRQO B>A>C = 110 

1 = IRQO > IRQ2 RESERVED = 111 
IRQ1, 1RQ4 PRIORITY (GROUP C) 
0 = IRQ1 > IRQ4 


1 = IRQ4 > IRQ1 


R250 IRQ 
INTERRUPT REQUEST REGISTER 
(FA; READ/WRITE) 


RESERVED ae 


| 


IRQO = P32 INPUT 

IRQ1 = P33 INPUT 

1RQ2 = P3; INPUT 

IRQ3 = P3o INPUT, SERIAL INPUT 
IRQ4 = To, SERIAL OUTPUT 

IRQS = Ty 


R251 IMR 
INTERRUPT MASK REGISTER 
(FB; READ/WRITE) 


1 ENABLES IRQO-IRQ5 
(Dp = IRQO 


RESERVED 


I 


1 ENABLES INTERRUPTS 
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R252 FLAGS 
FLAG REGISTER 
(FC; READ/WRITE) 


Oo 
Ley 


USER FLAG F1 

USER FLAG F2 

HALF CARRY FLAG 
DECIMAL ADJUST FLAG 
OVERFLOW FLAG 

SIGN FLAG 

ZERO FLAG 

CARRY FLAG 


te 


R253 RP 
REGISTER POINTER 
(FD; READ/WRITE) 


[Dr | De 05 104] Ds | D2] Dy | Do) 


DON T CARE 
DON'T CARE 
DON T CARE 
DON T CARE 


| 
= 


R254 SPH 
STACK POINTER 
(FE,,; READ/WRITE) 


De D5 [D4] 03 | D2] 0, [Do] 
STACK POINTER UPPER 


BYTE (SP,-SP,;) 


| 


R255 SPL 
STACK POINTER 
(FF.,, READ/WRITE) 


[Dr | Dg] 0s | 0] 05] D2] D, |Os) 
STACK POINTER LOWER 


BYTE (SP)-SP;) 


| 


ro) 
oe 
2 
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Absolute Maximum Ratings* 


Voltages on All Inputs and Outputs 


with Respect to Ground ............. -0.3V to +7.0V 
Operating Ambient Temperature ......... 0°C to +70°C 
Storage Temperature ..............06. -65°C to +150°C 


Standard Test Conditions 


The characteristics below apply for the following standard 
test conditions, unless otherwise noted All voltages are 
referenced to GND Positive current flows into the reference 
pin. Standard conditions are as follows: 


— +4.75V < Vo, <6.25V 
— GND =ov 
— OC<T,<5+70°C 


DC Characteristics 


Symbol 
Vou Clock Input High Voltage 
Ve Clock Input Low Voltage 


Vin Input High Voltage 


Von Output High Voltage 

VoL Output Low Voltage 

loc 

Ian 
| Backup Supply Voltage 


VM Backup Supply Voltage 


NO 
© 


09 Se 
(oe) Pw] ©] w 
+] I+ 
oO; oO 
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Comment* 

Stresses greater than those listed under ‘Absolute Maxi- 
mum Ratings’’ may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 


Driven by Ext- 
ernal Clock Gen- 
erator 


Ww 
0 
< 

2 

QO 


oe) 
0 


Driven by Ext- 
ernal Clock Gen- 
erator 


V 


2) 


. c 
Vec 


lon = 250 pA 1 


lo, = +2.0 mA 1 
vA | OVS VA < +5 25V 
A OVS Vi S+5.25V 


= 


| 


3 


Q 
oO 
<2 


A Power Down Mode 
Power Down Mode 


V 


1 For Ag-A1, MDS, SYNC, SCLK and IACK on the Z8602 version, IQ} = -100 nA and Io, = 10 mA. 


Test Load Circuits 


Voc Voc Vcc Vec 
15K 15K 
2.1K 18K 
CLOCK IN XTAL 2 
FROM OUTPUT FROM OUTPUT C. = 15 pF MAX 
UNDER TEST UNDER TEST ae 
150 pF = 50 pF 100 XTAL 1 
T uA i A a C_ = 15 pF MAX 
anc _ > = EXTERNAL CLOCK 
TEST LOAD 1 TEST LOAD 2 INTERFACE CIRCUIT 
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External I/O or Memory Read and Write Cycle 


8601/02 
Symbol Parameter 


TdA(AS) Address Valid to ASt Delay 50 
TdAS(A) ASt to Address Float Delay 
TdAS(DR) AS! to Read Data Required Valid 


TwAS AS Low Width 


8601A/02A 


ie) 
N 
© 
_ 
© 
on on o1 
NO 
No 
©) 
7) 


N 
gl 


TdA(DI) Address Float to DS! aa ns 

TwDS DS (Read) Low Width ae ns 

TwDS DS (Write) Low Width | L140 ns 
| 200 _| 


TdDS(DI) DS! to Read Data Required Valid 
ThDS(DI) Read Data to DSt Hold Time 
TdDS(A) DSt to Address Active Delay 
TdDS(AS) DSt to AS! Delay 
TdR/W(AS) | R/W Valid to AS! Delay 50 
TdDS(R/W) | DSt to R/W Not Valid 
TdDO(DS) Write Data Valid to DS (Write) | Delay 50 
TdDS(DO) DSt to Write Data Not Valid Delay 70 
TdA(DR) Address Valid to Read Data 
Required Valid 

TdAS(DS) ASt to DS} Delay 
Notes: 
1 Test Load 1 

Timing numbers given are for minimum TpC 

Also see Clock Cycle Time Dependent Characteristics Table 


2 

3 

4 When using extended memory timing add 2 TpC 

5. All timing references use 2 OV for a logic “1” and O 8V for a logic “O” 


© 


oe) on : 


S 
” 


on 
a) 
n 


NIN 


a] 
n 


Ww 
n 


410 255 ns 


& (@ [@ 
ojo ;o 
Ol 
o1 
. 
i?7] 


PORT O, As; OR As-A 
ou 4 Ag-Any As-Ais > 


TdAS(DI) TdDS{A) 


TwAS ibe ou 


AS 
TdDSAS) 
bs TdR(AS) TdDS(R) 
TdW(AS) TdDS(W) 


Z8601 


Notes 
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Handshake Timing 


Z8601/ Z8601A/ 
Symbol Parameter 02 O2A 


TsDI(DAV) Data In Set Up Time eae eee ee 
ThDi(DAV) Data In Hold Time 230 | 
TwDAV Data Available Width 


TdDAVIf(RDY) DAV! Input to RDY! Delay 


ae | 
TADAVOFRDY) | DAV! Output to RDY! Delay ro | {| o | | os 13 

re 

oe 

| 50 | 


Notes 


TdDAViIr(RDY) DAV! Input to RDYt Delay 


TdDAVOr(RDY) DAV! Output to RDY! Delay 


TdDO(DAV) Data Out to DAV! Delay 
TdRDY(DAV) RDY! Input to DAV! Delay | o | 200 | O | 140 | ns 1 


Notes: 

1 Test Load 1 

2 Input handshake 

3 Output handshake 

4 All timing references use 2 OV for a logic “1” and O 8V for a logic “0” 


DATA IN ‘ DATA IN VALID p 


Ts DI (DAV) TH DI (DAV) 


DAV Tw DAV 
(INPUT) 


Ta DAV It (RDY) Ta DAV Ir (RDY) 
RDY 
(OUTPUT) 


Input Handshake 


DATA OUT DATA OUT VALID 
Ta DO(DAV) 


DAV 
(OUTPUT) 
Td DAV Of (RDY)— Tg DAV Or (RDY) 
RDY \ Tq RDY (DAV) 
(INPUT) \ 


N 
Output Handshake ‘~_v 


Memory Port Timing 28602, Z8603 


Z8602 Z8602A 


| Min. | Max. | Min. | Max. 
|___Address Valid to DataInputDelay |_| 460 | | 320 | ns __ 
a a Se 


Symbol Parameter 


TdA(DI) 
ThDKA) 


Data In Hold Time ns 


Notes: 

1 Test Load 2 

2 This isa clock cycle dependent parameter For clock frequencies other than maximum frequency use the following formula 
28602 and Z8603 = 5TpC — 165 
Z8602A and Z8603A = 5TpC — 95. 


Ao—A114 


Do-—-D7 DON’T CARE DON'T CARE 
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Package Availability 40 Pin Molded DIP 


Ordering Information 


Temperature Number 
Part Number Range of Pins Package Description 
Z8601 PS 0°C to +70°C 40 Plastic 8-Bit Single-Chip Microcomputer Circuit 
Z8601A PS 0°C to +70°C 40 Plastic 12 MHz Single-Chip Microcomputer Circuit 


—) 
ce 
= 
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Notice Z8 and Z-bus are trademarks of Zilog, Inc 
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Z8 Family 
28681 Microcomputer 


Features 


e “ROMless” version of the 28601 Single-Chip 
Microcomputer, capable of Addressing up to 128K Bytes 
of External Memory Space 


Description 


The Z8681 MCU is the “ROMless” version of the Z8601 
single-chip microcomputer and offers all the outstanding fea- 
tures of the Z8 Family architecture Using the Z8681, it is 
possible to design a powerful microprocessor system incorpo- 
rating a minimum number of support devices 


Port 1 1s configured to function as a multiplexed Address/ 
Data bus (ADp-AD7), while Port O ts software configurable to 
output address bits Ag-A;s5 This provides for program 


Pin Configuration 


TIMING 
AND 
CONTROL 


PORT 0 PORT 2 
(NIBBLE (BIT PRO 
PROGRAMMABLE) GRAMMABLE) 
AgeArs 0 


PORT 3 
(FOUR INPUT, 
( FOUR OUTPUT) 
PROGRAMMABLE) SERIAL AND 
WO OR AD,-AD, PARALLEL VO 
AND CONTROL 


Figure 1. Pin Functions 


*Z8 is a trademark of Zilog Inc 


e Up to 24 Programmable I/O Lines 


e 40-pin Package, Single +5 V supply, all Pins TTL 
Compatible 


memory and data memory space of up to 64K bytes each 
Located on-chip are 144 bytes of RAM, organized as a register 
file of 124 general-purpose registers, 16 control and status 
registers, and three |/O port registers (Port 1 cannot be util- 
ized as an I/O register.) This file is divided into groups of 
working registers in Such a way that short format instructions 
may be used to quickly access a register within a certain 
group 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Figure 2. Pin Assignments 
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Functional Description 


Register File. The internal register organization of the Z8681 
centers around a 144-byte random-access register file com- 
posed of 124 general-purpose registers, 16 control registers, 
and the three!/O port registers Any general-purpose register 
can be an accumulator, address pointer, index register, or part 
of the internal stack The register file 1s divided into nine 
groups of 16 working registers A register pointer uses short- 
format instructions to quickly access any one of the nine 
groups, resulting in fast and easy task-switching 


1/O Ports. The !/O ports (Ports O, 2, and 3) are software 
configurable as input, output, or additional address lines 
These ports can also provide timing, status signals, and serial 
or parallel 1/O (with or without handshake) 


|/O port space is mapped into the register file, creating an 
efficient and convenient means of moving data 


Interrupts. The 28681 can respond to six separate interrupts 
from eight sources The interrupts are maskable and priorit- 
ized by software control, thus allowing greater design 
flexibility 


Using vectored interrupts, control is automatically passed to 
the appropriate service routine The interrupts are organized 
as four external lines and four internal status signals The 
internal interrupts control the serial port handshake and the 
two counter/timers 


UART. The 28681 also offers the serial |/O capability of 
Interfacing to asynchronous data communications The on- 
chip counter (TO) ts used to supply the baud rate for the serial 
data transfer The UART !s capable of transferring data at a 
rate of up to 62 5K b/s 


15 10 
LINES 


28681 


Counter/Timers. Also on-chip are two 8-bit programmable 
counter/timers (TO and T1), each driven by its own 6-bit 
programmable prescaler Both counter/timers can operate 
independently of the processor instruction sequence, thereby 
unburdening the program from such time-critical operations 
as event-counting or elapsed-time calculations The counters 
can be started, stopped, continued, or restarted from the initial 
value by program control. 


instruction Set for the Z8684 


The basic instruction set for the Z8681 consists of 47 instruc- 
tion types and utilizes seven addressing modes The 
Instructions Can operate on several types of data elements, 
including individual bits, 4-bit BCD characters, bytes, or 
words 


All 124 general-purpose registers can be used as accumula- 
tors, address pointers, index registers, or as internal stack, 
resulting in fast data manipulation for real-time applications 
The internal pipelining of instructions dramatically increases 
throughput by allowing instruction fetches during the pre- 
vious instruction execution cycles. 


Z86841 Applications 


The Z8681 1s a Z-BUS-compatible device and can be tnter- 
faced to various Z-BUS peripherals such as the Z-CIO, Z-SCC, 
or FIO Due to the flexibility of Port O and the data memory 
select feature, the Z8681 can also support a great variety of 
memory configurations Figures 3 and 4 illustrate two design 
approaches using the 28681 


2-BUS 


64K 64K 
DATA PROGRAM 
MEMORY MEMORY | 


Figure 3. 28681 Interfacing to External Memory. 
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2-BUS COMPATIBLE 
PERIPHERAL CHIP 


MEMORY- 
MAPPED 
CS LOGIC 


INT REQ 


ae ett ‘4 
OS Ba we gee i, 
re) ¢ es be 


N p56 
Ares 


FE + gh 
3 
<s 


64K 
PROGRAM 
MEMORY 


Figure 4. Z8681 Interfacing to Memory-Mapped I/O. 


Ordering Information 


Product Package/ Product Package/ 
Number Temp. Speed Description Number Temp. Speed 


CE Z8 MCU DS 
(ROMless, 40-pin) 


cs Same as above PE 


DE Same as above PS 


Notes C = Ceramic, D = Cerdip, P = Plastic, E = -40°C to +85°C, S = O°C to +70°C 
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28681 


Description 


Z8 MCU 
(ROMless, 40-pin) 


Same as above 


Same as above 


ertek. 


ADVANCED INFORMATION 


Features 


@ On-Chip Oscillator Circuit and Clock (or External Source) 
e 27 |/O Lines 

e@ Expandable Memory and !/O 

e 8-Bit Timer/Counter 

@ Single-Level Interrupt 

® 96 Instructions (Most Single-Byte) 

¢ Binary and BCD Arithmetic 


General Description 


The SY8048/SY8035 are totally self-sufficient 8-bit parallel 
computers fabricated on single silicon chips using Synertek’s 
advanced N-channel silicon gate MOS process The SY8048 
contains a 1Kx8 program memory, a 64x8 data memory, 27 
\/O lines, and an 8-bit timer/counter in addition to on-board 
oscillator and clock circuits These microcomputers are 


designed to be efficient controllers as well as arithmetic 
processors They have extensive bit handling capability as 


1024 WORDS 64 WORDS 
PROGRAM DATA 
MEMORY MEMORY 


8 BIT 
TIMER 
EVENT COUNTER 


27 
10 LINES 


FIGURE 1 
SY8048 Block Diagram 


INTERRUPT 


SY8048/SY8035 


single Component 
8-Bif Microcontroller 


e Single +5V Power Supply 

e Low Standby Power Mode 

e Low Voltage Standby 

e 8-Bit CPU, RAM, ROM, !/O in a Single Package 


e 25 usec Cycle, 6 MHz Clock, 1 36 usec Cycle, 11 MHz 
Clock 


well as facilities for both binary and BCD arithmetic Efficient 
use of program memory results from an instruction set 
consisting predominantly of single byte instructions and no 
instructions over two bytes in length For systems requiring 
extra. capability, the SY8048 can be expanded using 
standard memory and peripheral devices The SY8035 is the 
equivalent of the SY8048 without resident program memory 
and can be used with external ROM and RAM 


XTAL | 


SINGLE 
STEP READ 


EXTERNAL 
MEM 


TEST | 


1 
2 
3 
4 
5 
6 
7 
8 
9 


WRITE 
P12 


PROGRAM P11 
STORE 


ENABLE 


ADDRESS 
LATCH 
ENABLE 


PROG 
P23 


BS PORT 


EXPANDER 
STROBE 


FIGURE 3. SY8048 
Pin Configuration 
(top view) 


FIGURE 2. 
SY8048 Logic Symbol 
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PROCESSORS 


XTAL1 


XTAL2 


INITIALIZE (RESET) — 
SINGLE STEP (SS) spbhige 


INTERRUPT (INT) 


OLOIOIOIOI®O 


EXTERNAL MEMORY 
ACCESS (EA) 


DECODER 
BRANCH AND 
LOGIC INSTRUCTION 


REGISTER 


TIMER 
EVENT 
COUNTER 


PROGRAM 
STATUS 
WORD 


kal 


ARITHMETIC 
LOGIC 


SY8048/SY8035 


READ (RD) 


WRITE (WR) 

VO EXPANDER _ 
STROBE (PROG) 
PROGRAM STORE 
ENABLE (PSEN) 
ADDRESS LATCH 
ENABLE (ALE) 


PROGRAM 
COUNTER 


PORT 1 
LATCH 


PORT 2 
BUS LATCH 
BUFFER AND AND 

BUFFER BUFFER 


00-07 P10-P17 
(12-19) (27-34) 
TO/FROM MEMORY 


P20-P27 
(21-24, 35-38) 
0 EXPANDER 

AND PORT 
ADDITIONAL 1/0 


FIGURE 4. SY8048 Detailed Block Diagram 


Functional Pin Description 


Input Signals 


Reset (RESET): An active low (0) input that initializes the 
processor and is used to verify program memory. 


Single Step (SS): Active low (0) input which, in conjunction 
with ALE, can single step the processor through each 
instruction 


External Access (EA): An active high (1) input that forces 
all program memory fetches to reference external program 
memory. 


Testable Input 0 (TO): Testable input pin using conditional 
branch functions JTO (TO = 1) or JNTO(TO = 0) TO canbe 
designated as the clock output using instruction ENTO CLK 


Testable Input 1 (T1): Testable input pin using conditional 
branch functions JT1 (T1 = 1) or JNT1(T1 = 0) T1 canbe 
designated as the Timer/Counter input from an external 
source using instruction STRT CNT 


Interrupt (INT): An active low input that initiates an inter- 
rupt when interrupt is enabled Interrupt is disabled after a 
RESET Also can be tested with instruction JNI (INT = 0) 


Output Signals 


Read Strobe (RD): An active low output strobe activated 
during a Bus read Can be used to enable data onto the Bus 
from an external device Used as a Read Strobe to External 
Data Memory 


Write Strobe (WR): An active low output strobe activated 
during a Bus write Used as a Write Strobe to External Data 
Memory 


Program Store Enable (PSEN): An active low output that 
occurs only during an external program memory fetch 
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Address Latch Enable (ALE): An active high output that 
occurs once during each cycle and is useful as a clock out- 
put The negative going edge of ALE strobes the address 
into External Data or Program Memory 


Program (PROG): This output (active out) provides the output 
strobe for an 8243 !/O Expander 


Input/Output Signals 


Crystal Input (XTAL1, XTAL2): These two pins connect the 
crystal for internal oscillator operation. XTAL1 Is the timing 
input for external source 


Port 1 (P10-P17): 8-bit quasi-bidirectional port 


Port 2 (P20-P27): 8-bit quasi-bidirectional port. During an 
external program memory fetch, the 4 high-order program 
counter bits occur at P20-P23. They also serve as a 4-bit I/O 
Expander Bus when an 8243 I/O Expander is used 


Bus (DB,-DB;): True bidirectional port, either statically 
latched or synchronous. Can be written to using WR Strobe, 
or Read from using RD Strobe. During an External Program 
Memory fetch, the 8 lower-order program counter bits are 
present at this port The addressed instruction appears on 
this bus when PSEN ts low During an external RAM data 
transaction, this port presents address and data under con- 
trol of ALE, RD, WR 


Vss: Processor Ground potential 


Vop: Vop functions as the Low Power Standby Voltage Can 
be tied to Vcc if power-down operation ts not required 


Vcc (Pin 40): Primary power source for the SY8048 


Synertek. 


Functional Description 


The following paragraphs contain the functional description of 
the major elements of the SY8048 microcomputer/controller 
The SY8048 contains the system timing and control logic 
necessary to implement dedicated control functions The data 
paths are illustrated in simplified form (see Figure 4) to show 
how the various logic elements communicate with each other to 
implement the SY8048 instruction set 


Program Memory 


The Program Memory (ROM) contained on the SY8048 is 
comprised of 1024 bytes As seen by examining the SY8048 
instruction set, these bytes may be program instructions, 
program data or ROM addressing data The ROM for the 
SY8048 must be mask programmed at the Synertek factory The 
SY8035 ROMless microcomputer uses external program mem- 
ory ROM addressing, up to a maximum of 4K bytes, 's 
accomplished by a 12-bit Program Counter (PC) The SY8048 
will automatically address external memory when the boundary 
of the internal 1K memory is exceeded The binary value of the 
address selects one of the 8-bit bytes contained in ROM Anew 
address !s loaded into the PC register during each instruction 
cycle Unless the instruction ts a transfer of control instruction, 
the PC register is loaded with the next sequential binary count 
value 


With reference to the Program Memory Map (see Figure 5) there 
are three ROM addresses which provide for the control of the 
microcomputer 


1 Memory Location 0000 — Asserting the RESET (negative 
true) input to the microcomputer forces the first instruction 
to be fetched from address 0000 


2 Memory Location 0003 — Asserting the interrupt (negative 
true) input to the microcomputer (when interrupt is enabled) 
forces a jump to subroutine 


3 Memory Location 0007 — A Timer/Counter interrupt that 
results from Timer/Counter overflow (when enabled) forcing 
a jump to subroutine 


Data Memory (RAM) 


The resident RAM data memory |s arranged as 64 bytes RAM 
addressing 1s implemented indirectly via either of two 8-bit RAM 
pointer registers RO or R1 These pointer registers are 
essentially the first two locations in the RAM (see Figure 6), 
addresses 00 and 01 RAM addressing may also be performed 
directly by 11 direct register instructions The register area of 
the RAM array is made up of eight working registers that occupy 
either the first bank (0), locations 0 to 7, or the second bank (1), 
locations 24 to 31 The second bank of working registers is 
selected by using the Register Bank Switch instruction (SEL 
RB) If this bank is not used for working registers, it can be used 
as user RAM 


There is an 8-level stack after Bank O that occupies address 
locations 8 to23 These RAM locations are addressed indirectly 
through RO, R1 or the 3-bit Stack Pointer (SP) The stack pointer 
keeps track of the return address and pushes each return 
address down into the stack There are 8 levels of subroutine 
nesting possible in the stack because each address occupies 
10 bits or more using two bytes tn RAM When the level of 
subroutine nesting is less than 8, the stacks not used may be 
utilized as user RAM locations 
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1024 


ADDRESS 00007- 
~t TIMER/COUNTER 
INTERRUPT VECTOR 


ADDRESS 0003- 
~® EXTERNAL INTERRUPT 
SUBROUTINE VECTOR 


ADDRESS 0000- 
RESET VECTOR 


Oe Ie ee 


ADDRESS 


FIGURE 5. SY8048 Resident ROM Program Memory Map 


63 
USER RAM 


32x 8 


32 
31 
BANK 1 
WORKING 
REGISTERS DIRECTLY 
ADDRESSABLE 
WHEN 
POINTER SELECTED 
- INDIRECTLY ce 
STACK REGISTER BY R1 OR RO = o 
OR ane 
USER RAM =° 
7 
Bases DIRECTLY 
S ADDRESSABLE 
WHEN 
Aare SELECTED 
REGISTER 


FIGURE 6. SY8048 Resident RAM Data Memory Map 


Synertek, 


Functional Description (Continue) 


Input/Output 


The SY8048 has 27 lines of input/output organized as three 8-bit 
ports plus three test inputs. The three ports may be used as 
inputs, outputs or bidirectional ports. Ports 1 and 2 differ from 
Port 3 (Bus Port) in that they are quasi-bidirectional ports Ports 
1 and 2 can be used as input and output while being statically 
latched If more |/O lines are required, Port 2 can also serve as a 
4-bit 1/0 bus expander when used in conjunction with an 8243 
1/O Expander 


The bus port is a true bidirectional port and is either statically 
latched or synchronous It can be written to using WR strobe or 
read from using RD strobe During an external program memory 
fetch, the 8 lower-order program counter bits are present at this 
port. The addressed instruction appears on this bus when PSEN 
is low During an external RAM data transaction, this port 
presents address and data under control of ALE, RD, and WR 


Instruction Set 


Table 1 details the 96 instructions common to both the micro- 
computers and the microprocessors The table provides the 


TABLE 1. Instruction Set 


CONTROL 
EN | 


DIS | 
input. 


ENTO CLK 
SEL MBO 


SEL MB1 


SEL RBO 


Description 


Enable the External Interrupt 1 1 
input. 


Disable the External Interrupt 
Enable TO as the Clock Output. 


Select Bank 0 (locations 0-2047) 
of Program Memory. 


Select Bank 1 (locations 2048- 1 { 
4095 of Program Memory. 
Select Bank 0 (locations 0-7) of 


Data Memory. 


SEL RB1 


Select Bank 1 (locations 24-31) 


of Data Memory. 


DATA MOVES 
MOV A, #data 


MOV A, Rr 


MOV A, @ Rr 


Move Immediate the specified 


data into the Accumulator. 


Move the contents of the 
designated registers into the 
Accumulator. 


Move Indirect the contents of 
data memory location into the 
Accumulator. 
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Vec 


STANDARD 
TTL DRIVE 
LEVELS 


LATCH 


FIGURE 7. Ports 1 and 2 Input/Output Circuit 


Power-Down Mode 


During the power-down mode, Vpp, which normally maintains 
the RAM cells, is the only pin that receives power Vcc, which 
serves the CPU and ports, is dropped from a voltage of nominal 
5 to 0 after the CPU Is reset, so that the RAM cells are unaltered 
by the loss of power When power is restored, the processor 
goes through the normal power-on procedure 


mnemonic, function, and description, instruction code, number 
of cycles and, where applicable, flag settings 


Cycles 


E 
c 
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TABLE 1. Instruction Set (Continued) 


Flags 
Mnemonic Description Cycles Bytes 
| Fincton co ic | ac | Fo| Fi 
DATA MOVES (Continued) 
MOV A, PSW (A) — (PSW) Move contents of the Program 1 1 
Status Word into the 
Accumulator. 
MOV Rr, #data (Rr) — data; r = 0-7 Move Immediate the specified 2 2 
data into the designated 
register. 
MOV Rr, A (Rr) — (A), r = 0-7 Move Accumulator contents 1 1 
into the designated register. 
MOV @ Rr, A Move Indirect Accumulator 1 
contents into data memory 
location. 
MOV @ Rr, #data | ((Rr)) — data; r = 0-7 Move Immediate the specified 2 2 
data into data memory. 
MOV PSW,A (PSW) — (A) Move contents of Accumulator 1 1 
into the Program Status Word. 
(PC 0-7) — (A) Move the content of program 2 1 
(A) — ((PC)) memory location in the current 
page addressed by the content 


of Accumulator into the 
Accumulator. 


MOVP A, @A 


MOVP3 A, @ A_ | (PC 0-7) — (A) 
(PC 8-10) — 011 


(A) — ((PC)) 


Move the content of program 
memory location in page 3 

addressed by the content of 
Accumulator into the 
Accumulator. 


Move Indirect the contents of 
external data memory into the 
Accumulator. 


Move Indirect the contents of 2 1 
the Accumulator into external 
data memory. 
XCH A, Rr (A) ~ (Rr); r = 0-7 Exchange the Accumulator and 1 1 
designated register’s contents. 
( -1 1 1 


XCH A, @ Rr A) — ((Rr)); r = 0 Exchange Indirect contents of 


Accumulator and location in 
data memory. 


MOVX A, @ R (A) — ((Rr)); r 


MOVX @R,A 


XCHD A, @ Rr (AO-A3) — (((Rr)) 0-3); 


R = 0-1 


Exchange Indirect 4-bit contents 
of Accumulator and data 
memory. 


r=] 
ce 
4 
= 


PROCESSORS 


TIMER COUNTER 

EN TCNTI Enable Internal Interrupt Flag 1 1 
for Timer/Counter output. 

DIS TCNTI Disable Internal Interrupt Flag 1 
for Timer/Counter output. 

MOV A, T (A) — (T) Move contents of Timer/Counter 1 1 
into Accumulator. 

MOV T,A (T) — (A) Move contents of Accumulator 1 1 
into Timer/Counter. 


STOP TCNT Stop Count for Event Counter. 


See: he 
sraronT [| «(Start Count for Event Counter. | oy [| | 
samt | (Start Count fortimer, | fo | 


4-153 


nertek, a SY8048/SY8035 


TABLE 1. instruction Set (Continued) 


Fl 
1 


ACCUMULATOR 
ADD A, #data (A) — (A) + data Add Immediate the specified 2 2 
Data to the Accumulator. 
ADD A, Rr (A) — (A) + (Rr) Add contents of designated 1 1 
forr = 0-7 register to the Accumulator. 
ADD A, @ Rr (A) — (A) + ((Rr)) Add Indirect the contents of 


forr = 0-1 data memory location of the 
Accumulator. 


Add Immediate with carry the 
specified data to the 


ADDC A, #data 


(A) — (A) (C) + data 


Accumulator. 
ADDC A, Rr (A) — (A) + (C) + (Rr) Add with carry the contents of 1 
forr = 0-7 the designated register to the 
Accumulator. 
ADDC A, @ Rr (A) — (A) + (C) + ((Rr)) | Add Indirect with carry the 
forr = 0-1 contents of data memory 
location to the Accumulator. 
ANL A, #data (A) — (A) AND data Logical AND specified Immedi- 
ate Data with Accumulator. 
ANL A, Rr (A) — (A) AND (Rr) Logical AND contents of 
designated register with 
Accumulator. 
ANL A, @ Rr (A) — (A) AND ((Rr)) Logical AND Indirect the 
forr = 0-1 contents of data memory with 
Accumulator. 
CPLA (A) — NOT (A) Complement the contents of 
the Accumulator. 
CLRA A-0O CLEAR the contents of the 
Accumulator. 


t 


DAA DECIMAL ADJUST the contents 
of the Accumulator. 
DEC A DECREMENT by 1 the 
Accumulator’s contents. 
INCA Increment by 1 the 
Accumulator’s contents. 
ORL A, #data Logical OR specified immediate 
data with Accumulator. 
ORL A, Rr Logical OR contents of 1 1 
designated register with 
Accumulator. 
ORL A, @ Rr Logical OR Indirect the con- 1 1 
forr = 0-1 tents of data memory location 
with Accumulator. 
RLA (An + 1) — (An) Rotate Accumulator left by 1-bit 1 1 
forn = 0-6 without carry. 
(AO) — (A7) 
RLC A (An + 1) —(An);n Rotate Accumulator left by 71-bit 1 1 
(AQ) — (C) through carry 
(C) ~ (A?) 7 
RRA (An) — (An + 1),n = 0-6 | Rotate Accumulator right by 1 1 
(A7) — (AQ) 1-bit without carry 
RRC A (An) — (An + 1),n + 0-6 | Rotate Accumulator right by 1 1 
(A7) — (C) 1-bit through carry. 
(C) — (AO) 
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TABLE 1. Instruction Set (Continued) 


oa 


ACCUMULATOR (Continued) 


SY8048/SY8035 


Flags 


SWAP (A4-A7) — (A0Q-A3) 

XRL A, #data (A) — (A) XOR data 

XRL A, Rr (A) — (A) XOR (Rr) 
forr = 0-7 

XRL A, @ Rr (A) — (A) XOR ((Rr)) 
forr = 0-1 

BRANCH 


DJNZ Rr, addr 


if (Rr) £0, 
(PC 0-7) — addr 


JBb addr (PC 0-7) — addr if Bb = 1 
(PC if Bb = 

JC addr 

JFO addr 

JFl addr = 

JMP addr (PC 8-10) — 8-10 
(PC 0-7) — addr 0-7 
(PC 11) — DBF 

JMPP @ A (PC 0-7) — ((A)) 

JNC addr 

JNI addr (PC 0-7) — addr if | = 0 
(PC) — (PC) + 2if! = 1 

JNTO addr (PC 0-7) — addr if TO = 
(PC) —(PC) + 2if TO = 

JNT1 addr (PC 0-7) — addr if T1 = 0 
(PC) —(PC) + 2ifT1 =1 

JNZ addr (PC 0- 

JFT addr (PC 0-7) —addrif TF = 1 
(PC) —(PC) + 2if TF = 0 

JTO addr (PC 0-7) — addr if TO = 1 
(PC) — (PC) + 21f TO = 0 

JT1 addr (PC 0-7) —if T1 = 1 


(PC) — (PC) + 2if T1 


JZ addr (PC 0-7) — addr if A 
(PC) —(PC) + 1if A 


(Rr) — (Rr) —,r = 0-7 


-7) 

) +(PC) + 2if Bb = 0 | Accumulator bit is set. 
PC 0-7) — addrif C = 1 | Jump to specified address if 
(PC) — (PC) + 2if C = 0 | carry flag is set. 

(PC 0-7) —addrif FO = 1 | Jump to specified address if 2 

(PC) — (PC) + 2if FO = 0 | Flag FO ts set. 

(PC 0-7) —addrif F1 = 1 | Jump to specified address if 2 

(PC) — (PC) +2if Fi = 0 | Flag F1 is set. 
) 


(PC 0-7) — addr if C = 0 | Jump to specified address if 
(PC) —(PC) + 21f C = carry flag is low. 
) 


PC 0-7) — addr if A #0 | Jump to specified address if 2 
(PC) —(PC) + 2if A = 0 | Accumulator is non-zero. 


Jump to specified address if 2 
0; Test1isal. 
0; Jump to specified address if 2 
1 | Accumulator is 0. 


Swap the 2 4-bit nibbles in the 
Accumulator. 


Reais 


Logical XOR Immediate speci- 2 2 
fied data with Accumulator. 


Logical XOR contents of 


designated register with 
Accumulator. 


Logical XOR Indirect the con- 
tents of data memory location 
with Accumulator. 


2 


Decrement the specified 
register and test contents. 


Jump to specified address if 


Direct Jump to specified 2 
address with the 2K address 


block. 


Jump Indirect to specified 
address pointed to by the 
Accumulator in current page. 


Jump to specified address if 
interrupt is low. 


Jump to specified address if 
Test 0 is low. 


Jump to specified address if 


Test 1 1S low. 


Jump to specified address if 2 
Timer Flag is set to 1. 

Jump to specified address if 2 
Test 0 is a1. 
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TABLE 1. Instruction Set (Continued) 


INPUT/OUTPUT 


ANL BUS, #data / (BUS) — (BUS) 


AND Logical AND Immediate speci- 
data fied data with contents of BUS 
(Pp) — (Pp) AND data; Logical AND Immediate speci- 


p= 1-2 fied data with designated port 
(1 or 2). 


ANL Pp, #data 


ANLD Pp, A (Pp) — (Pp) AND Logical AND contents of 
(AQ-A3); p = 4-7 Accumulator with designated 
port (4-7). 
IN A, Pp (A) — (Pp); p = 1-2 Input data from designated port 
(1-2) into Accumulator 
INS A, BUS (A) — (BUS) Input strobed BUS data into 
Accumulator. 
MOVD A, Pp (AO-A3) — (Pp); Move contents of designated 
p = 4-7 (A4-A7) —0 port (4-7) into Accumulator. 
MOVD Pp, A (Pp) — (A0-A3); Move contents of Accumulator 


to designated port (4-7). 


Logical OR Immediate specified 
data with contents of BUS. 


ORL BUS, #data | (BUS) — (BUS) OR data 


ORLD Pp, A (Pp) — (Pp) OR (A0-A3); | Logical OR contents of 
Accumulator with designated 


port (4-7). 
Logical OR Immediate specified 


ORL Pp, #data (Pp) — (Pp) OR data; 


p = 1-2 data with designated port (1-2) 
OUTL BUS, A (BUS) — (A) Output contents of 
Accumulator onto BUS. 
OUTL Pp, A (Pp) — (A), p = 1-2 Output contents of 
Accumulator to designated 
port (1-2). 
REGISTERS 


= 0-/ 


INC Rr (Rr) — (Rr) + 137 = 


INC @ Rr ((Rr)) — (Rr) + 1; 


r= 0-1 


Increment Indirect by 1 the con- 
tents of data memory location 


SUBROUTINE 


CALL addr (SP)) — (PC) 
(SP)) — (PSW 4-7) 
SP) — (SP) + 1 


PC 8-10) — addr 8-10 
PC 0-7) — addr 0-7 
PC 11) — DBF 


RET SP) — (SP) — 1 Return from Subroutine without 
PC) — ((SP)) restoring Program Status Word. 
RETR SP) — (SP) - 1 Return from Subroutine restor- 
PC) — ((SP)) ing Program Status Word. 
PSW 4-7) — ((SP)) 
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TABLE 1. Instruction Set (Continued) 


Mnemonic Function Description Cycles Bytes Flags 
c | ac] Fo | F1 
FLAGS 
CPLC (C) — NOT (C) Complement Content of 1 1 . 
carry bit. 
CPL FO (FO) — NOT (FO) Complement Content of 1 1 . 
Flag FO 
CPL F1 (F1) — NOT (F1) Complement Content of 1 1 . 
Flag F1 | 
CLR C (C) —0 Clear content of carry bit to 0 1 | 1 . 
CLR FO (FO) — 0 Clear content of Flag 0 to 0 1 ; : 
CLR F1 (F1) —0 Clear content of Flag 1 to 0 1 i 1 . 


MISCELLANEOUS 


NOP a No operation i 1 3 iz | L 


Symbol Definitions 


fe. Port Designator (p = 1, 2 or 4-7) 


Auxillary Carry Flag PSW 

Program Memory Address (12 bits) 

Number or Expression (8 bits) 

Memory Bank Flip-Flop 
the Contents of Register 

“In-Page’’ Operation Designator __[Replacedby 


Absolute Maximum Ratings 


Temperature Under Bias -20°C to +85°C 

Storage Temperature -65°C to + 150°C 

All Input or Output Voltages with Respect to Vsc ~0 5V to +7V 

Power Dissipation 15 Watt 

Note Absolute maximum ratings indicate limits beyond which permanent damage may occur Continuous operation at these limits is not intended operation should 


be limited to those conditions specified under DC Electrical Characteristics 
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Synertek SY8048/SY8035 


DC Electrical Characteristics 


Ta = 0°C to + 70°C, Voc = +5V +10%, Vgg = OV, unless otherwise specified. 


(XTAL1, XTAL2, RESET) 
Vot Output Low Voltage (Bus) 


Vit Input Low Voltage V 
(Except XTAL1, XTAL2, RESET) 

Vins Input Low Voltage 0.6 V 
(XTAL1, XTAL2, RESET) 

Vin Input High Voltage V V 
(Except XTAL1, XTAL2, RESET) ee 

Vind Input High Voltage 


> 
oO 
< 


lo. = 2mA 


Vout Output Low Voltage 
(RD, WR, PSEN, ALE) 


Output Low Voltage (PROG) 


Voi3 Output Low Voltage 45 V 
(Ports and Others) 


| Input Leakage Current Ports Vss + 0.45 < Vin = Voc | | 500. | pA 


Li Input Leakage Current 
lLo Output Leakage Current (Bus, To) 
V 045<Vyn sV 
High Impedance State ud N= TEC +10 ce 


loo Standby Current ee ee ee 
bot Icci. | Total Suenty es ee 
Vop Standby Power Supply 22 f Vic V 


(P1, P2) (BUS, P1, P2) 


lot = 18mA 


wo | 
[ee] © 
< 
OQ 
(@) 
< 


< 
.2) 
~ 
fo 
ja fa] fe 
o1 
< 


lo. = 1.0 mA 


> 
oi 
< 


lo = 16mA 


a 
ery 


-500 


-300 


lon (mA) 
lou (A) 
lo. (mA) 


Von (V) Vou (V) Vor (V) 
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AC Characteristics 1 = 0°C to +70°C, Voc = Vpp = 5V +10%, Vgg = OV 


tarce Address Float to PSEN (Notes 1, 2) 1/30 tcy — 40 
tLaect ALE to Control (RD, WR) (Note 1) 1/5 toy - 75 


(pages ALE to Control (PSEN) (Note 1) 1/10 toy - 75 


no 
2/5 


0 


ol 


toa Control to ALE (RD, WR, PROG) (Note 1) 1/15 toy - 40 0 


a Control to ALE (PSEN) (Note 1) 4I15 toy — 40 320 


tcp Port Control Setup to PROG (Note 1) 1/10 tcey — 80 2 


io) 


tec Port Control Hold from PROG (Note 1) 4/15 tcy — 260 10 


© 


PROG to P2 Input Valid (Note 1) 17/30 tey - 140 630 ns 


taL Address Setup to ALE (Note 1): | 2Stey-110 | 7 | | ns 
tla Address Hold from ALE (Note 1) | 45 tcey-40 | 50 | | ns 
two Data Hold After WR (Notes 1, 2) | 45 tcy-50 | 40 | | ns 
tor Data Hold (RD, PSEN) (Notes 1, 4) | 1M0tey- 30 | 00) | tt ns 
tapi RD to Data In (Note 1) | 2S tcy-170 =| | 37 | ns 
tapi Address Setup to Data (RD) (Note 1) | 21/30 tcy- 220 | | 730—*T ns 
tape Address Setup to Data (PSEN) (Note 1) | 12 tcy- 200 | | a0 ns 
tarct Address Float to RD, WR (Notes 1, 2) 140 Fase ns 

| 80 tcy- 40 | 

Lececteead 

ee 

aes 

ae 


—_ 
v 
D 


| WB toy- 40 
| ANB toy- 40 
| 0 tey~ 80 
| ANB toy - 260 | 
| 17/80 toy ~ 140 
tpr Input Data Hold from PROG (Notes 1, 4) 14 ns 
top Output Data Setup (Note 1) 260 fF ns 
tpp Output Data Hold (Note 1) | 1M tcy-90 | 40 | | ns 
tpp PROG Pulse Width (Note 1) 700 fo tl ns 
ie] Pen 2V0 Hold te ALE (Note) | ano tey= wo] ss 


Note 1: Control outputs C, = 80 pF, Bus outputs C, = 150 pF 
Note 2: Bus High impedance Load = 20 pF 

Note 3: tc, = 15/f 
Note 4: Maximum spec listed is for user information only to prevent system bus contention 
Note 5: V,, = 38V,V, = 045V 


rom) 
[= ang 
4 
= 


—_ 


assumes 50% duty cycle) 


PROCESSORS 


2 OV 


fF 2 0V 20V % 
Raa TEST POINTS pave 
0 45V 


Note: AC testing inputs are driven at 2 4V for a logic "1" and 0 45V for a logic 0’ Output timing measurements are made at 2 OV for a logic 1°’ and 0 8V fora logic 
“6” (except X1, X2, and RESET) (Note 5) 


Input and Output for AC Tests 
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Synertek. SY8048/SY8035 


Timing Waveforms 


1st CYCLE 2nd CYCLE 
P | 


ALE 


PSEN 


—| tip 


P24-27 
P10-17 P24-27, P10-17 DATA NEW PORT DATA 
OUTPUT 


1/O Port Timing 


PSEN 


-—ton —_— 


Se MMM 


L-—tan2—> 


L. ta. -—~ 


BUS Y Jy aDURESS UUW, 


ee 


Note: Diagonal lines indicate interval of high impedance 


instruction Fetch from External Program Memory 


ped ape 
3 LK _****§_ XL" _ XL 


Note’ Diagonal lines indicate interval of high impedance 


Write to External Data Memory 
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ertek. SY8048/SY8035 


Timing Waveforms (Continued) 


i tLaFc1 > 


ALE 


| tor 


—<— tarc1—> 


or 


_ tao1 


Note: Diagonal lines indicate interval of high impedance 
Read from External Data Memory 


1st CYCLE 2nd CYCLE —- 


tca1 hese 


ALE 


=e 
EXPANDER 
OUTPUT 

| eu — |} | fp tp 
cane PORT 29.3 PORT | INPUT 
pe DATA CONTROL DATA 


| | | | ou | | | 
— <— tpp—» 
PROG <«— te, —> 


Port 2 Timing 


— 


tPF 


+12V VERIFY MODE TIMING 


EA _| 
w« LJLILILILILILILILILILILIL 
eee 


RESET 


BUS YUM, rr eee W/11, <> Up NEXT ADDRESS 
ee) i MMM, 


Recommended Test Methods. 

RESET must be low before EA goes high 

Sync to falling edge of ALE Falling edge of ALE 's machine cycle 4 

Force address in with RESET low for 21 machine cycles starting machine cycle 5 


ro) 
on 
o 
= 


PROCESSORS 


Force address in with RESET high for 4 machine cycles 


Force RESET high for 12 machine cycles 
Force RESET high for 4 machine cycles Data !s valid on bus 
Force RESET low for 4 machine cycles 


OnN On fP WN = 


Repeat steps 3 through 7 for other addresses 


ROM Verify Mode Timing 
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Typical Application 


SY8048/SY8035 


Figure 8 shows a typical way to use the SY8048 microcontroller in a stand-alone system Crystal used !s parallel resonant, AT cut and 


1MHz to 6MHz All! outputs are standard TTL compatible at 5V 


+5V GND 


PORT 1 
(INPUT/OUTPUT) 


PORT 2 
(INPUT/OUTPUT) 


BUS PORT 
(INPUT/OUTPUT) 


FIGURE 8. Stand-Alone SY8048 System 


Package Availability 40 Pin Molded DIP 
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SY66C016 
High-Speed 16 x 16 
CMOS Parallel Multiplier 


ertek. 


PRELIMINARY 


Features 


High-Speed 16 x 16 Parallel Array Multiplier 
145 nsec Typical Multiply Time 

Low Power (Icc = 30 mA Typical) 

Full Product Multiplexed at Output 

2's Complement, Unsigned or Mixed Operands 
Input/Output Latches Selectable for Clocked or 
Transparent Mode of Operation 


Description 


The SY66CO16 is a parallel array multiplier built using 
Synertek’s advanced CMOS process technology By use of a 
modified Booths algorithm and the state-of-the-art 2 yu 
design rules, the SY66CO16 provides a performance com- 
parable to existing bipolar TTL multipliers at a fraction of the 
power consumption (Icc = 30 mA typical) 


Input data is accepted in the form of 16-bit 2’s comple- 
ment and unsigned magnitude or mixed operands. At the 
output of the array a format adjust control (FA) allows 
the user to select a full 32-bit product or a left shifted 
31-bit product suitable for 2’s-complement only. 


The two halves of the product may be routed to a 16-bit 
three-state output port via a multiplexer. In addition, the 


Pin Configuration 


Advanced CMOS Technology 

Input/Output Levels TTL Compatible 

Single +5V Power Supply 

64-Pin Package 

SY66C016 Pin-for-Pin Functional Replacement for TRW 
TRW MPY 16HJ and AMD 29516 


LSP is connected to the Y-input through a separate 
three-state buffer. 


Applications of the SY66CO16 multiplier include a variety 
of digital signal-processing systems including floating- 


point processors, FFT processors, array processors, im- 
age/video processors, speech recognition and syn- 


thesis, digital filtering, modems, missile guidance, etc. 
In the SY66CO16 the X, Y, MSP and LSP registers have tn- 


dependent clocks (CLKX, CLKY, CLKM, CLKL). The out- 


put multiplexer control (MSPSEL) uses a pin whichis a 
supply ground in the TRW MPY 16Hu. When this control 
is LOW the function is that of the MPY 16HJ, thus allow- 
ing full compatibility. 


Block Diagram 


Xm X[16 RND Yu vh16 


REGISTER REGISTER REGISTER 


CLKY. | 
CLKX ele 


MULTIPLIER 
ARRAY 
16 x 16 


FORMAT ADJUST 
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Synertek. 


Absolute Maximum Ratings’* 


Supply Voltage, Voc «1... cee eee eee —0.3V to +7.0V 
Input/Output Voltage, Viy ............. —0.3V to +7.0V 
Operating Temperature, Top .........eceeees Oto 70°C 
Storage Temperature, Tstg .........-: —55°C to +150°C 


All inputs contain protection circuitry to prevent damage 
due to high static discharges. Care should be exercised to 
prevent unnecessary application of voltages in excess of 
the allowable limits. 


SY66C016 


Comment* 


Stresses above those listed under ‘‘Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress 
rating only. Functional operation of this device at these or any 
other conditions above those indicated in the operational sec- 
tions of this specification is not implied and exposure to ab- 
solute maximum rating conditions for extended periods may af- 
fect device reliability. 


D.C. Characteristics (Voc = —5.0V +5%, Vss = 0, Ta = Oto 70°C, unless otherwise noted) 


Symbol Parameter 

Vin Input High Voltage 

ViL Input Low Voitage 

hu Input Leakage Current (Vcc = 5V) 


Output Leakage Current 
(3-State: Voc = 0.4V) 


Output Leakage Current 


me 
Oo 


lLo (3-State: Voc = 2.4V) 
V Output High Voltage 

on (Voc = Min., low = —100pA) 
Vv Output Low Voltage 

Ol. (Voc = Min., lo. = 1.6yA) 


Supply Current 
(Vcc = 5.25V 


ey 
O 


Pin Description 
Xo-X15 


These 16 lines are the Multiplicand and Data inputs. 
Data are loaded on the rising edge of CLKX. 


Yo- Vis 

These 16 pins share functions between the Multiplier 
Data inputs (Yo- Y15) and least significant product, LSP 
(Po- P45), outputs. The input data are loaded on the rising 


edge of CLKY. The output (LSP) data are loaded on the 
rising edge of CLKL. 


Xm; Ym 
Mode control inputs for each data word. 


(TCX, TCY)* 

Xmu,Ym = 0; unsigned data 

Xm,Ym = 1; 2’s complement data 

Xm is clocked by CLKX; Yy is clocked by CLKY. 

FA(RS)* 

Format Adjust control selects either a full 32-bit product 
(HIGH) or a left shifted 31-bit product with the sign bit 
replicted in the LSP (LOW). This control is normally high 


except for certain fractional 2’s complement applica- 
tions. 


FT 


Feedthrough control (HIGH) makes both MSP and LSP 
registers transparent. 


= 
a) 


Units 


.@) 
?) 
< 


= 
z= 
> 


ah < 
o |°P 

x 

> 


wo 
Oo 
oO 


mA 


MSPSEL 

Selects either MSP (LOW) or LSP (HIGH) to be available 
at the product output port. 

RND 


Round control for the rounding of the MSP by adding 1 to 
the least significant product output. RND is strobed by 
CLKX or CLKY. 


OEP (TRIM)* 
Three-state enable for product output (MSP) port. 
OEL (TRIL)* 


Three-state enable for routing LSP through Y input/out- 
put port. 


CLKX 
Register Clock for X9- X15, Xy, RND 


CLKY 
Register Clock for Yo- Y45, Yu, RND 


CLKM 
MSP Register Clock 


CLKL 
LSP Register Clock 


*TRW MPY 16HJ pin designation. 
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SY4x2901B 


16-bit CMOS 
Microprocessor slice 


ertek. 


ADVANCED INFORMATION 


Distinctive Characteristics 


e Quad Replacement for 2901B with On-board Look- 
ahead Carry Generation 
Extremely Low Power Consumption 
Full TTL Compatibility 
Single +5 V Power Supply 
Expandable 
— Any number of SY4x2901Bs can be cascaded 
together to form longer word lengths!1] 
Speed 
— 100 ns cycle time (typical) 
Eight-function ALU 
— Performs addition, two subtraction operations, and 
five logic operations 
Two-address Architecture 
— Independent simultaneous access to two working 
registers saves machine cycles 


Description 


The SY4x2901B 1s a CMOS Quad implementation of the 
industry standard 2901B 4-bit microprocessor slice with on- 
board multilevel look-ahead carry generation capability It 1s 
designed to provide a high-speed cascadable ALU, intended 
for use in CPUs, pertpheral controllers, programmable 
microprocessors, or any application where performance and 
hardware/software flexibility are system prerequisites 


The SY4x2901B provides all the features of its bipolar coun- 
terparts, 1n addition to the inherent advantages of its low 


Block Diagram 


A ADDR B ADDR 


RAM15 

Q15 

Fi5 
OVERFLOW 


F=0 


tot Yo-Y15 
P G THREE STATE DATA 
CONTROL OUT 


Flexible Data Source Selection 

— ALU data !s selected from five source ports for a 
total of 203 source operand pairs for every ALU 
function 

Left/right Shift Independent of ALU 

— ADD and SHIFT operations take only one cycle 
Microprogrammable 

— Three groups of three bits each for source operand, 
ALU function, and destination control 

Four STATUS FLAGS 

— Carry, overflow, zero, and negative 

Operating Range 

— Both commercial and military temperature ranges 
available 

Packaging 

— 64-pin Molded and Ceramic DIP 

— 68-pin ceramic leadless chip carrier 


power requirements, 16-bit data I/O, and on-board look- 
ahead carry capabilities. It is also microcode compatible with 
the 2901B This ts a definite advantage, since existing soft- 
ware can be utilized in a new or upgraded hardware design 
The microinstruction flexibility of this device will allow effi- 
cient emulation of almost any digital computing machine. In 
addition, it also has three-state outputs and provides various 
STATUS FLAG outputs from the ALU 


(continued on next page) 


DIRECT DATA IN 


64-PIN PACKAGE CMOS 


Figure 1. SY4x2901B General Block Diagram 
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ra) 
oc 
—4 
= 


PROCESSORS 


CLOCK 


A (READ) 
ADDRESS 


B 
(READ/WRITE) 
ADDRESS 


DIRECT 


DATA IN 


DO-D15 


CARRY !N 


OUTPUT 
ENABLE 


SY4x2904 


et7tetsts fete]: Jo) 
DESTINATION ALU ALU 
CONTROL FUNCTION SOURCE 
MICROINSTRUCTION DECODE 


RAM 0 RAM SHIFT RAM 15 


| B DATA IN _ 
A ADDRESS cp 


RAM 
16 ADDRESSABLE REGISTERS 


Q-SHIFT 


Q REGISTER 


cP 


| LOGICO 
D A B 0 Q 
ALU DATA SOURCE SELECTOR 


a goer 


8-FUNCTION ALU 


Q 


BADDRESS = aADATA  BDATA 


OUT OUT 


Court 
OVERFLOW 


F15 = SIGN 


A OUTPUT DATA SELECTOR F 
Y 


DATA OUT 
YO-Y15 


Figure 2. Functional Block Diagram 
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Synertek. 


The SY4x2901B, as shown in Figure 1, consists of four 
4-bit 2901s, and one and one-quarter 2902s As shown in 
Figure 2, the device consists of a 16-word by bit two-port 
RAM, and eight function ALU, and the associated shifting, 
decoding, and multiplexing circuitry The 9-bit microin- 
struction word Is organized tnto three groups of three bits 
each which select the ALU source operands, the ALU func- 
tions, and the ALU destination register 


The partial 2902 (Figure 1) 1s provided so as to reduce chip 
count when implementing either a 24-bit or 32-bit design. 
The three signals provided by the look-ahead carry circuitry 
are Court, propagate (P), and generate (G). Moreover, Coyr !s 
the only carry signal needed when cascading with either a 
SY2x2901Bl1], or another SY4x2901B device (24-bit and 
32-bit configurations respectively) — thus eliminating the 
need for an additional look-ahead carry device For system 
configurations greater than 32-bits, the carry propagate and 
generate signals can be used This on-board look-ahead 
carry Capability provides the user with a truly economical 
and versatile alternative for design 


Note 1: 

The SY2x2901B 1s an 8-bit CMOS processor slice which ts availa- 
ble in a 48-ptn package The SY2x2901B may be cascaded with a 
SY4x2901B to form word lengths in any multiple of 8-bits 


Pin Definitions 


Ao.3 The four address inputs to the register stack used 
to select one register whose contents are dis- 
played through the A-port 


Bo.3 The four address inputs to the register stack used 
to select one register whose contents are dis- 
played through the B-port and into which new 
data can be written when the clock goes LOW. 


log The nine instruction control lines Used to deter- 
mine what data sources will be applied to the ALU 
(lo42), what function the ALU will perform (l345), 
and what data is to be deposited in the Q-register 
or the register stack (lg7g) 


Qi5 A shift line at the MSB of the OQ register (Q;5) and 

RAM,5 the register stack (RAMj5) Electrically these lines 
are three-state outputs connected to TTL inputs 
internal to the device When the destination code 
on lg7g indicates an up shift (octal 6 or 7) the 
three-state outputs are enabled and the MSB of 
the Q register 1s available on the Q;5 pin and the 
MSB of the ALU output ts available on the RAM5 
pin. Otherwise, the three-state outputs are OFF 
(high-impedance) and the pins are electrically LS- 
TTL inputs. When the destination code calls for a 
down shift, the pins are used as the data inputs to 
the MSB of the O register (octal 4) and RAM (octal 
4 or 5). 


Qo Shift lines like Qy5 and RAMs, but at the LSB of 

RAM y _ the Q-register and RAM. These pins are tied to the 
Qi5 and RAMj5 pins of the adjacent device to 
transfer data between devices for up and down 
shifts of the Q register and ALU data. 


Do.15 


Yo-15 


| 
a] 


OVR 
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SY4x2901B 


Direct data inputs A 16-bit data field which may be 
selected as one of the ALU data sources for enter- 
ing data into the device Do is the LSB. 


The 16 data outputs. These are three-state output 
lines. When enabled, they display either the 16 
outputs of the ALU or the data on the A-port of the 
register stack, as determined by the destination 
code le78 


Output Enable When OE 1s HIGH, the Y outputs 
are OFF; when OE is LOW, the Y outputs are 
active (HIGH or LOW) 


The carry generate and propagate outputs of the 
internal ALU. These signals can be used with 
another 2902 for carry-lookahead of word lengths 
greater than 32-bits 


Overflow. This pin 1s logically the Exclusive-OR of 
the carry-in and carry-out of the MSB of the ALU. 
At the most significant end of the word, this pin 
indicates that the result of an arithmetic two's 
complement operation has overflowed into the 
sign-bit. 


This 1S an open drain output which goes HIGH 
(OFF) if the data on the 16 ALU outputs Fo.15 are 
all LOW. In positive logic, it indicates the result of 
an ALU operation is zero. 


The most significant ALU output bit. 
The carry-in to the internal ALU. 


The carry-out of the SY4x2901B. 


The clock input The Q register and register stack 
outputs change on the clock LOW-to-HIGH transi- 
tion The clock LOW time is internally the write 
enable to the 16 x 4 RAM. 


1. 
2 
3 
4 
5 
6 
7 
8 
9 


j SY4x2901B , 


Figure 3. Pin Configuration 
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Ordering Information 


SY M C 2114 3 
Prefix Temperature Range Package Type 4 Digit Device 3 Digit Performance | 
No Designator — O°C to 70°C C - Ceramic Code or Processing Designator 
M — -55°C to +125°C P - Molded 
X — Special D - Cerdip 
E — -40°C to +85°C X - Dice 
F - Flat Pack 


K - Leadless Chip Carrier 
PJ — Molded J Lead Surface Mount 


Please make note of the Leadless Chip Carrier (LCC) designator. 
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aE 


Packaging Information 


Molded DIP— 
8 Leads 
255 
245 
PIN NO.1 
IDENT. 
| .400 | 310 
380 290 
.060 
2155. 020 
125 { 
150 015 
125 008 
2045 
032 | | 025 
REF 1 | ao 
| | 110 290 
.065 .090 
045 
023 
015 
Molded DIP— 
14 Leads 
255 
245 
PIN NO. 1 | 
IDENT. eed 
645 col 


065 


045 - S 

=F 

023 fa i 4 

—_—— | Ww = 
015 =e 

oe 

032 REF = 
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Packaging Information 


Molded DIP— 
16 Leads 
—¥ 
265 
PIN NO. 1 ‘ft 
IDENT. a 
Molded DIP— 
18 Leads 
a 
.255 
.245 
PIN NO. 1 


IDENT. 


.032 REF. 
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.015 

.008 
.400 
.290 

i 310 24 
.290 
015 
.008 


Packaging Information 


Ceramic— 
18 Leads 

(.910) 

(.070) 

(.490), 

(.400) 

PIN NO. 1 
IDENT. 
(.015) 
(008) 
(.320) 
(.290) 
0.32 REF. 
Cerdip— 
18 Leads 
0.320 
0.290 
“i (8 128) 
(7 366) 
PIN NO 1. 


IDENT 

0.310 
0 260 
(7.874) 
0.900 (22.860) MAX (6.604) 

0.060 (1.524) 
0.015 (0.381) 0.180 (4.572) 
0.140 (3.556) 


Pee: ee 
} 0.200 (5.08) 
JOU Lee 


0.125 (3 175) 


|= 


0.110 (2.794) 0.070 (1778) 0.023 (0.584) 


0.090 (2.286) 0.030 (0.762) 0.015 (0.381) »| 0.400 (10.16) 
0.330 (8.382) 


oe | 
<x 
c 
Lad 
= 
hub 
tao) 


INFORMATION 
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Packaging Information 


Chip Carrier— 
18 Leads 


.045 (1.14) 
10 PLCS 


.012 (0.30) R 


.265 + .015 .057 + .020 
(6.73 + .38) (1.45 + 0.51) | [7 
.050 (1.27) 


14 i‘ 


(4.06) 


.405 + .015 . 


(10.29 + .38) 


.080 (2.03) 
7 PLCS 


.025 (0.64) 
18 PLCS 


.008 (0.20) R .022 (0.56) x 45° 


18 PLCS 
DIMENSIONS IN INCHES AND (MILLIMETERS). 
Flat Package— 
18 Leads 
.950 + .030 
(24.13 + 0.76) 
.310 + .015 
| (7.86 + 0.38) | 
eeleEenemtig anliicsnamanasenaandicosdlicnassssssmessesdicansdicsmsssmnamasd Ge ee a, 
a RPE ea ee Ie Ne et | 
Re ee ee Re) eee eee eee 
aa ee ee ee ee Cee ee 
400 + .015 .440 (11.18) 


(10.16 + 0.38) MAX 


050 + .005 | , .320 + .030 

(1.27 + 0.13) (8.13 + 0.76) 
.017 + .003 | 
(0.43 + 0.08) “1 


(2.00 + 0.38) REF. 


NOTCH PIN NO. 1 INDEX 
DIMENSIONS IN INCHES AND (MILLIMETERS). 
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Packaging Information 


Molded DIP— 
20 Leads 
PIN 
NO 1 
IDENT 
| |~___ (020) 
( 010) 
( 260) 
(145) (1.040) 260, 
( 135) —_— ( 240) 
—_ (135) 
| (125) 
(025) | | 
(015) 
am 
( 022) ( 065) 
(015) (.055) 
Ceramic— 
20 Leads 
7 ene 
se ee §' 64 020 = .100 015 
035 + .020 | ft 


140 + .015 ~<— .290 + .010 —>/||<«—. .010 + .002 


-055 + .015—»|  }<— .305 + .015 _.| _ Al _ .018 + .003 ae + .015 J 
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Packaging Information 


Cerdip— 
20 Leads 
7 ig .030 + .020 
Ss 4 04 10 ae ira 
.035 + .020 | { 
140 + .015 ~<— .290 + .010 —»>||~<«— .010 + .002 
055 +.015—>| (~<— .305 + .015 = fe I = .018 + .003 a +.015 - 
Chip Carrier— 
20 Leads 


<+—— .290 + .015 —_—__> .067 + .020 7 a 


———$ 


.050 
16 PLCS 


.250 + .010 


-425 = .015 Stee 


| 045 + .015 
| 2PLCS 49 PLCS 


Packaging Information 


Molded DIP— 
22 Leads 
PIN NO. 1 410 (10.414) 
IDENT. 380 (9.652) 
hae (30 48) egal .360 (9.144) 
175 (4.445) 330 (8.382) 
MAX r 7 — 
ff .015 (0.381) 
A | 008 (0.2032) 
a .470 (11.938) 
| fag ee r|| 410 (10.414) "| 
,060 (1.524) 110 (2.794) ,.090 (2 286) 023 (.5842) 160 (4.064) 
015 (0.387) .090 (2 286) 075 (1905) .015 (.3810) 100 (2.540) 
Molded DIP— 
24 Leads 
0.550 
0.530 


PIN NO. 1 
IDENT. 
MAX. | 


yy 
0.015 . l\ 
0.008 
0.065 | 0.110 0.050 | 0.700 
0.040 —! 0.090 0.020 0.600 ° 
0,023 UE" 0.150 
me 0.032 REF. pes 
0.015 0.125 
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Packaging Information 


Ceramic— 
24 Leads 
PIN NO. 1 
IDENT. 
0.530 
0.450 
0.015 
0.008 
Cerdip— 
24 Leads 
PIN NO. 1 
0.550 
IDENT. 0.510 


——— 1 NO eee 
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Packaging Information 


Molded DIP— 
28 Leads 
0520 
+ 030 
PIN NO. 1 | 
IDENT. 7 
a ee A 
0.600 0.060 
0.620 
0 009 I 
0.015 
0.075 | | 0100 0.018 i 0 125 | +0.025 | 
+0015 | | [typ = +0003 I MIN +0625 99157 
Molded DIP— 
40 Leads 
_ (2,070) 
(2.040) 
PIN NO. 1 
IDENT 
(.170) 
(.140) | be G28 >| 
(.150) | (,015) 
(.125) (008) 


.023 
i 023 (.060) (.700) | 
“41 “4 me (.020) Is (.600) 
(.110) (.065) 032 TYP. 
(.090) (.045) 


—d 
< 
ce 
aed 
= 
haded 
ido] 


INFORMATION 


Packaging Information 


Molded DIP— 
48 Leads 


eee 


a 
Pail LUN AAA 


of | 0.700 | 
0.600 


oh, 110 0.065 _" 0.032 
0.090 0.045 aE TYP. 


Molded DIP— 
64 Leads 


Mh rh oh { 


TOP/BOTTOM | a 0.015 BORDER SMOOTH SURFACE. 
.125R 


TAT AT ATATATATATATA TATA Tar 
a 0.095 


TR 


0.048 


Ls 0.016 io 
0.020 jo 2.098 105 
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Packaging Information 


Surface Mounted Device— 
28 Leads * 


PIN 1 IDENT. 
pee SYNERTEK 0.042 
a OPTION 0.026 0.045 
can 0.165 
0.04 0.180 
0.04 | 
0.485 
0.495 020 
0.450 IN 
0.456 0.050 ; 
0.300 REF. 
0.390 
0.430 
DIMENSIONS IN INCHES 
0.456 
0.485 
0.495 
Surface Mounted Device— 
44 Leads * 
0 042 _— PIN 1 IDENT 
0.045 SYNERTEK 
OPTION 0 026 0 420 
{ nee ¥ 0.045 
0 042 0.180 
0.042 YUU UU UU a 


-»||<-9913 


0.021 
0.500 REF. ————_> 
0.590 


$$ 
0.630 


0.685 
0.695 


*Avatlable second half '85 


—d 
< 
fo om 
iu 
= 
tu 
co 


INFORMATION 


Surface Mounted Device— 
68 Leads* 


“Available second half ’85 


Packaging Information 


PIN 1 IDENT. 
SYNERTEK 0.165 0.026 0.042 


OPTION 0.200 0.032 0.045 | 


0.890 
0.930 


Synertek Application Notes 


Below is a listing of Synertek Applications Information available. These Notes are available in their entirety from 
your local Synertek Sales Office, nearest Sales Representative, or Distributor. 


Microprocessor Application Notes 


Application Note 


Number Title 
AN1 SY6551 Asynchronous 
Communications Interface 
Adapter (ACIA) 
AN2 SY6500 Microprocessor Family 
AN5 SY6522 Versatile Interface 
Adapter (VIA) 
AN7 SY6845 Smooth Scrolling with 
the 6545 
AN8 SY6845 CRTC Design and 
Applications Manual 
AN10 SY2661 EPCI Implements 
Binary Synchronous Protocol 
AN11 SY66016 High Speed 


16 x 16 Parallel Multiplier 


Memory Application Notes 


Application Note 


Number Title 
AN6 SY2128/2129 2K x 8-Bit 
Static RAM Access Memory 
AN12 SY2130/2131 1024 x8 
Dual Port Random Access 
Memory 


—_! 
<t 
ce 
ww) 
= 
Lid 
cs 


INFORMATION 
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Conversion Tables 


1. Convert Hexadecimal to Decimal 
1AF61,g6=1x163+Ax 162+Fx161+6 x 169 = 4096 + 2560 + 240 + 6 = 69021, 
2. Convert Octal to Decimal 
21473, =2x83+1x82+4x81+7x89=10244+ 64+32+7=1127 
3. Convert Binary to Decimal 
1011015 =1x25+0x24+1x23+1x22+0x21+1x29=32+0+8+4+1=4519 
4. Convert Decimal to Hexadecimal 


1207109 O 
163 | 1207 
O 4 
1207 —}> 162 [1207 
1024 B 
183 —— >» 161 [183 
176 7 
5. Convert Decimal to Octal a oe 60/7 = 48746 
15319 ce 2 
82 [153 
128 3 
25 — » 8!1/ 25 
24" 1 
6. Convert Decimal to Binary | —> 8 Ea = 231 
5310 1 
a 5 53. 
32 1 
oi —> 24/21 
16 O 
5 —w23[5 
0 1 
5 P2215 
4 0 
“> — P21, 
0 1 
“> —m20/1 
1 =1101015 
6) 


Recommended Decimal Multiples and Submultiples 


Multiples and 
Submultiples Prefixes Symbols 
1018 exa E 
1015 pecta P 
1012 tera T 
109 giga G 
106 mega M 
103 kilo k 
102 hecto h 
10 deca da 
10-1 deci d 
10-2 centi Cc 
10-3 milli m 
10-6 micro 7 
(greek mu) 
10-9 nano n 
10-12 pico p 
10-15 femto f 
10-18 atto a 
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Conversion Tables ....: 
Constants and Conversion Factors 


Conversion Factors — General 


To Obtain Multiply By 
Degree (angle) Radians 57 2958 
Ergs Foot-pounds 1 356 x 107 
Feet Miles 5280 
Feet of water @ 4°C Atmospheres 33.90 
Foot-pounds Horsepower-hours 1.98 x 106 
Foot-pounds Kilowatt-hours 2 655 x 106 
Foot-pounds per min Horsepower 33x 104 
Horsepower Foot-pounds per sec 1.818 x 10-3 
Inches of mercury Pounds per square inch 2 036 

@O0°C 

Joules BTU 1054.8 
Joules Foot-pounds 1 35582 
Ktlowatts BTU per min 1.758 x 10-2 
Kilowatts Foot-pounds per min. 2.26 x 10-5 
Kilowatts Horsepower 0.745712 
Knots Miles per hour 0.86897624 
Miles Feet 1.894 x 10-4 
Nautical miles Miles 0.86897624 
Radians Degrees 1.745 x 10-2 
Square feet Acres 43560 
Watts BTU per min 17.5796 


Temperature Factors 
°F = 9/5 (°C) + 32 
Fahrenheit temperature — 1.8 (temperature in kelvins) -459.67 
°C =5/9 [(°F) — 32] 


Celsius temperature = temperature in kelvins — 273.15 
Fahrenheit temperature = 1 8 (Celsius temperature) + 32 


*Boldface numbers are exact, others are given to ten significant figures where so 
indicated by the multiplier factor 


Conversion Factors — Metric to English 


To Obtain Multiply By 

Inches Centimeters 0 3937007874 

Feet Meters 3.280839895 

Yards Meters 1 093613298 

Miles Kilometers 0.6213711922 
Ounces Grams 3 527396195 x 10-2 
Pounds Kilograms 2.204622622 
Gallons (U.S Liquid) Liters 0.2641720524 


Fluid ounces 
Square inches 
Square feet 
Square yards 
Cubic inches 
Cubic feet 
Cubic yards 


Milliliters (cc) 
Square centimeters 
Square meters 
Square meters 
Milliliters (cc) 

Cubic meters 

Cubic meters 
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3.381402270 x 10-2 

0.1550003100 
10.76391042 

1.195990046 

6 102374409 x 10-2 
35.31466672 

1.307950619 


—_ 
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Conversion Tables ....:, 


Conversion Factors — English to Metric” 


To Obtain Multiply By 
Microns Mils 25.4 
Centimeters Inches 2.54 
Meters Feet 0.3048 
Meters Yards 0.9144 
Kilometers Miles 1.609344 
Grams Ounces 28.34952313 
Kilograms Pounds 0.45359237 
Liters Gallons (U.S _ Liquid) 3.785411784 
Milliliters (cc) Fluid ounces 29.57352956 
Square centimeters Square inches 6.4516 
Square meters Square feet 0.09290304 
Square meters Square yards 0.83612736 
Muilltliters (cc) Cubic inches 16.387064 
Cubic meters Cubic feet 2.831684659 x 10-2 
Cubic meters Cubic yards 0.764554858 


Conversion Factors — General” 


To Obtain Multiply By 
Atmospheres Feet of water @ 4°C 2 950 x 10-2 
Atmospheres Inches of mercury @ O°C 3.342 x 10-2 
Atmospheres Pounds per square inch 6.804 x 10-2 
BTU Foot-pounds 1 285 x 10-3 
BTU Joules 9 480 x 10-4 
Cubic feet Cords 128 


*Boldface numbers are exact, others are given to ten significant figures where so 


indicated by the multiplier factor 


Physical Constants 


Miscellaneous Constants 


Equatorial radius of the earth = 6378 388 km = 3963.34 miles (statute) 
Polar radius of the earth, 6356.912 km = 3949.99 miles (statute) 

1 degree of latitude at 40° = 69 miles. 
1 international nautical mile = 1.15078 miles (statute) = 1852 m = 6076 115 ft. 
Mean density of the earth = 5 522 g/cm = 344.7 Ib/ft3. 


Constant of gravitation, (6 673 + 0 003) x 10-8 cm3 gm-! S-2 


Acceleration due to gravity at sea level, latitude 45° = 980.665cm/s2 = 32 1740 ft/sec2 
Length of seconds pendulum at sea level, latitude 45° = 99 3574 cm = 39 1171 In 
1 knot (international) = 101 269 ft/min = 1.6878 ft/sec = 1.1508 miles (statute)/hr. 


1 micron = 10-4cm 
1 angstrom = 10-8 cm. 


Mass of hydrogen atom = (1.67339 + 0 0031) x 10-24 g. 
Density of mercury at O°C = 13.5955 g/ml. 
Density of water at 3 98°C = 1 000000 g/ml 


Density, maximum, of water, at 3.98°C = 0.999973 g/cm3 


Density of dry air at O°C, 760 mm = 1 2929 g/liter. 
Velocity of sound In dry air at O°C = 331 36 m/s — 1087 1 ft/sec. 
Velocity of light in vacuum = (2 997925 + 0.000002) x 1019 cm/s 
Heat of fusion of water O° C = 79.71 cal/g 


Heat of vaporization of water 100°C = 539 55 cal/g. 

Electrochemical equivalent of silver 0001118 g/sec international amp 

Absolute wave length of red cadmium light tn air at 15°C, 760 mm pressure = 6438 4696 A 
Wave length of orange-red line of krypton 86 = 6057 802 A 
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Synertek Inc. 


Northwest Regional Southwest Regional North Central Regional 


A Honeywell Subsidiary Sales Office Sales Office Sales Office 
3001 Stender Way, MS/30 == 150 So. Wolfe Road 4401 Atlantic Ave , 621 Route 83 
Santa Clara, CA 95054 Sunnyvale, CA 94086 Suite 101 Bensenville, IL 60106 


Tel: (408) 988-5600 
TWX 910-338-0135 


Tel. (408) 735-0221 
TWX: 910-339-9500 


Long Beach, CA 90807 
Tel (213) 428-8776 
TWX 910-341-7705 


Tel (312) 860-3859 
TWX 910-256-1672 


South Central Northeast Regional Southeast Regional Mid-Atlantic 


Regional Sales Office Sales Office Regional Sales Office 
Sales Office 20 Walnut St 5600 Mariner St 555 Broadhollow Rd 
14350 Proton Rd Wellesley, MA 02181 Suite #219 Melville, NY 11747 


Tel (516) 752-0900 
TWX 510-224-6247 


P.O Box 344569 
Dallas, TX 75234 


Tel. (617) 431-7630 
TWX 710-383-1582 


Tampa, FL 33609 
Tel (813) 870-2222 
TWX 810-876-9148 


Tel (214) 387-5300 
TWX 910-860-5442 


U.S. Sales Representatives 


Alabama Colorado Florida (Cont ) lowa Massachusetts 
Electronic Marketing Wescom Marketing, Inc Dyne-A-Mark Corp Gassner & Clark Dynasel Associates 
Associates 7985 Vance Dr, Suite 102 PO Box 339 1834 Blairs Ferry Rd,NE 22 Green St 
500 Wynn Dr Arvada, CO 80003 115 Palm Bay Rd , #550-9 Cedar Rapids, IA 52402 Waltham, MA 02154 
PO Box 5306 Tel (303) 422-7619 Palm Bay, FL 32905 Tel (319) 393-5763 Tel (617) 890-6777 
Executive Plaza, : Tel (305) 727-0192 TWX 910-525-2051 TWX 710-324-0202 
Suite 304A Connecticut TWX 510-959-6000 DYNASEL WAL 
Huntsville. AL 35805 Dynasel Associates Inc : Kansas 
Tel (205) 837-7363 22 Green St Georgia C-TRON, Inc Michigan 

Waltham, MA 02154 Electronic Marketing 815 Clairborne St , Rathsburg Associates 
Alaska Tel (617) 890-6777 Associates Suite 275B 16621 E Warren Ave 
SDR 2 TWX 710-324-0202 6695 Peach Tree Olathe, Kansas 66062 Detroit, MI 48224 


14230 NE 8tt ut 
Bellevue, WA 98007 
Tel (206) 747-9424 


DYNASEL WAL 
Delaware 


Industrial Blvd 
Atlanta, GA 30360 
Tel (404) 448-1215 


Tel (913) 829-0073 
Kentucky 


Tel (313) 882-1717 
TWX 235-229 RA! DET 


TWX 910-443-2483 Conroy Sales TWX 810-766-0483 Call your nearest Synertek Minnesota 
26 W Pennysylvania Ave : Sales Office TLC Electronics 
Arkansas Baltimore, MD 21204 Hawaii 2499 Rice St 


lon Associates Inc 
9726 E 42nd St, 
Suite 122 

Tulsa, OK 74145 


Tel (301) 296-2444 


District of Columbia 
Conroy Sales 


Brooks Technical Group 
8830 Stierlin Rd 
Mountain View, CA 94303 
Tel (415) 960-3880 


Louisiana 

lon Associates Inc 

1504 109th St 

Grand Prairie, TX 75050 


Roseville, MN 55113 
Tel (612) 483-2226 
TWX 910-333-8543 


Tel (918) 664-0186, 7, 8 ae ASA as ia TWX 910-379-5061 Tel (214) 647-8225 hide ee ne 
begets -866- nic Marketin 

TWX 910-845-3084 Tel (301) 296-2444 Idaho FASO 20679039 Associates : 

Arizona SDR 2 lon Associates Inc PO Box 5306 


MR Engineering Sales Co 
PO Box 15270 

3020 N 44th St 

Phoenix, AZ 85018 


Florida 
Dyne-A-Mark Corp 
300 So Duncan Ave 
Suite 283 


14230 NE 8th St 
Bellevue, WA 98007 
Tel (206) 747-9424 
TWX 910-443-2483 


6300 Westpark Dr 
Suite 310 

Houston, TX 77057 
Tel (713) 977-4354 


Executive Plaza, Suite 304A 
Huntsville, AL 35805 
Tel (205) 837-7363 


7 Clearwater, FL 33615 TWX 910-881-3776 Missouri 
ye eerie he Tel (813) 441-4702,3 IHinois ION ASSOC HOU C-TRON, Inc 
TWX 810-866-0438 KMA Sales Company 815 Clairborne St, 
California DYNEMARK CWTR 5105 Tollview Dr, Hse imeem Suite 275B 
Brooks Technical Group GunesA-Marke- Cor Suite 275 yess ees LNG Olathe, Kansas 66062 
883 Stierlin Road , Rolling Meadows, IL 60008 22 Green St Tel (913) 829-0073 


Mountain View, CA 94043 


1001 NW 62nd St 
Suite 107 


Tel (312) 398-5300 


Waltham, MA 02154 


Tel (415) 960-3880 Ft Lauderdale, FL 33309 TWX 910-687-0263 aga eae pone 

tA ceed ata Tel (305) 771-6501,2,3 Indiana DYNASEL WAL 14230 NE 8thSt 
Elsco Electronics Inc TWX 510-956-9872 Corrao/Marsh Bellevue. WA 98007 
11562 Knott Street DYNEMARK FTL RR2, Box 142 Maryland Tel (206) 747-9424 


Suite #3 
Garden Grove, CA 92641 


Dyne-A-Mark Corp 
PO Box 33 


Greenfield, IN 46140 
Tel (317) 894-0377 


Conroy Sales 
26 W Pennsylvania Ave 


TWX 910-443-2483 


Tel (714) 891-4621 Maitland. FL 32751 Baltimore, MD 21204 Nebraska 

TWX 910-596-2400 Tal 1305) BS 10007 Tel (301) 296-2444 C-TRON, Inc 

Reider Associates TWX 810-853-5039 TLX 87770 BAL 4 aes St, 
uite 


2660 Bernardo Ave 
Escondido, CA 92025 
Tel (619) 741-0496 
TWX 910-332-1157 


DYNEMARK ALMS 
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Olathe, Kansas 66062 
Tel (913) 829-0073 
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INFORMATION 


Synertek. 


Nevada 

Brooks Technical Group 
8830 Stierlin Rd 
Mountain View, CA 94303 
Tel (415) 960-3880 

TWX 910-379-5061 


New Hampshire 
Dynasel Associates 
22 Green St 
Waltham, MA 02154 
Tel (617) 890-6777 
TWX 710-324-0202 
DYNASEL WAL 


Dynasel Associates 
PO Box 313 
Salem, NH 03079 
Tel (603) 893-1443 
TWX 710-324-0202 


New Jersey (Northern) 
Trionic Associates Inc 
320 Northern Blvd 
Great Neck, NY 11021 
Tel (516) 466-2300 
TWX 510-223-0834 


New Jersey (Southern) 
Sunday O’Brien 
15 Potter St 
Haddonfield, NJ 08033 
Tel (609) 429-4013 
(215) 923-5195 
TWX 710-896-0679 
SUN O'BRIEN 


New Mexico 

MR Engineering Sales Co 
PO Box 15270 

3020 N 44th St 

Phoenix, AZ 85018 

Tel (602) 956-4670 

TWX 910-950-1291 


New York 

Quality Components 
116E Fayette St 
Manlius, NY 13104 
Tel (315) 682-8885 
TWX 710-545-0663 


New York (Cont ) 
Quality Components 
3343 Harlem Rd 
Buffalo, NY 14225 
Tel (716) 837-5430 


Trionic Associates Inc 
320 Northern Bivd 
Great Neck, NY 11021 
Tel (516) 466-2300 
TWX 510-223-0834 


North Carolina 


Electronic Marketing 
Associates 

9225 Honeycutt Creek Rd 
Raleigh, NC 27609 

Tel (919) 847-8800 

TWX (510) 928-0594 


Ohio 

JN Bailey and Assoc 
13071 Old Dayton Rd 
New Lebanon, OH 45345 
Tel (513) 687-1325 


JN Bailey & Associates 
28325 Center Ridge Rd , 
Suite C17 

Westlake, OH 45145 

Tel (216) 892-1513 


Oklahoma 

lon Associates Inc 
9726 E 42nd St 

Suite 122 

Tulsa, OK 74145 

Tel (918) 664-0186,7,8 
TWX 910-845-3084 


Oregon 

SDR 2 

14230 NE 8th St 
Bellevue, WA 98007 
Tel (206) 747-9424 
TWX 910-443-2483 


Pennsylvania (Eastern) 
Sunday O’Brien 
15 Potter St 
Haddonfield, NJ 08033 
Tel (609) 429-4013 
(215) 923-5195 
TWX 710-896-0679 
SUN O’BRIEN 


Pennsylvania (Western) 
JN Bailey and Assoc 
13071 Old Dayton Rd 
New Lebanon, OH 45345 
Tel (513) 226-0512 


JN Bailey and Assoc 
5341 Windfall Rd 
Madina, OH 44256 
Tel (216) 723-6808 


Dynase! Associates 
Florention Roman 

P-34 Villa San Anton 
Carolina, Puerto Rico 00630 
Tel (809) 752-1961 

TWX 710-324-0202 


Rhode Island 
Dynasel Associates 
22 Green St 
Waltham, MA 02154 
Tel (617) 890-6777 
TWX 710-324-0202 
DYNASEL WAL 


South Carolina 
Electronic Marketing 
Associates 

210 W Stone Ave 
Greenville, SC 29609 
Tel (803) 233-4637, 4638 
TWX 810-281-2225 


Tennessee 

Electronic Marketing 
Associates 

PO Box 5306 

Executive Plaza, Suite 304A 
Huntsville, AL 35805 

Tel (205) 837-7363 


Texas 

lon Associates Inc 
3933 Steck Ave 
Suite B121A 
Austin, TX 78759 
Tel (512) 346-7160 
TWX 910-874-1355 


Jon Associates Inc 

1504 109th St 

Grand Prairie, TX 75050 
Tel (214) 647-8225 
TWX 910-866-4645 
ION ASSOC DAL 


lon Associates Inc 
6300 Westpark Dr 
Suite 310 

Houston, TX 77057 
Tel (713) 977-4354 
TWX 910-881-3776 
JON ASSOC HOU 


Utah 

Wescom Marketing, Inc 
1321S State St , #201 
Salt Lake City, UT 84115 
Tel (801) 466-9594 


Vermont 

Dynasel Associates 
22 Green St 
Waltham, MA 02154 
Tel (617) 890-6777 
TWX 710-324-0202 
DYNASEL WAL 
Virginia 

Conroy Sales 

26 W Pennsylvania Ave 
Baltimore, MD 21204 
Tel (301) 296-2444 


Washington 

SDR 2 

14230 NE 8th St 
Bellevue, WA 98007 
Tel (206) 747-9424 
TWX 910-443-2483 


Washington D.C. 
Conroy Sales 

26 W Pennsylvania Ave 
Baltimore, MD 21204 
Tel (301) 296-2444 

TLX 87770 BAL 


West Virginia 

JN Bailey and Assoc 
13071 Old Dayton Rd 
New Lebanon, OH 45345 
Tel (513) 226-0512 


JN Batley and Assoc 
5341 Windfall Rd 
Madina, OH 44256 
Tel (216) 723-6808 


Wisconsin 

KMA Sales Company 
2360 N 124th St 
Milwaukee, WI 53226 
Tel (414) 259-1771 
TWX 910-262-3315 


Wyoming 

Wescom Marketing, Inc 
7985 Vance Dr, 

Suite 102 

Arvada, CO 80003 

Tel (303) 422-7619 


Canadian Sales Representatives 


Byte Wide Marketing 
5020 Fairway Ave., 
Suite 226 

Lachine, Quebec 
Canada H8T 1B8 


Byte Wide Marketing 

151 Carlingview Dr., Unit 5 
Rexdale, Ontario 

Canada M5W 5S4 

Tel: (416) 675-1868 


Tel: (514) 636-4121 
TLX: 05-82270 


TLX: 2155 6206 


U.S. Distributors 


Alabama 

Milgray Electronics 
17 Dunwoody Park 
Suite 102 

Atlanta, GA 30338 
Tel (404) 393-9666 


Arizona 

Anthem Electronic, Inc 

1707-1 Weber Dr 

Tempe, AZ 85281 

Tel (602) 244-0900 
(602) 968-3888 

TWX 910-950-0110 


Bell Industries 
1705 W 4th St 
Tempe, AZ 85281 
Tel (602) 966-7800 
TWX 910-950-0133 


Arizona (Cont ) 

Kierulff Electronics 
4134 East Wood St 
Phoenix, AZ 85040 
Tel (602) 437-0740 
TWX 910-951-1550 


Kierulff Electronics 

1806 W Grant Rd , Suite 102 
Tucson, AZ 85703 

Tel (602) 624-9986 

TWX 910-952-1119 


Kierulff Electronics 
5580 S Nogales Hwy 
Bldg 845 

Tucson, AZ 85734 
Tel (602) 573-3507 
TWX 910-952-1213 


Arizona (Cont } 

Western Microtechnology 
7740 E Redfield Dr 

Suite 105 

Scottsdale, AZ 85260 

Tel (602) 948-4240 

TWX 910-950-1188 


Arkansas 

Carlton Bates 

PO Box 9649 

3600 W 69th St 

Little Rock, AR 72209 
Tel (501) 562-9100 


California (Northern) 
Anthem Electronics Inc 
174 Component Dr 
San Jose, CA 95131 
Tel (408) 946-8000 
TWX 910-338-2038 
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California (Northern) Cont | 


Kierulff Electronics 
3969 E Bayshore Rd 
Palo Alto, CA 94303 
Tel (415) 968-6292 
TWX 910-379-6430 


Western Microtechnology 
10040 Bubb Rd 
Cupertino, CA 95014 

Tel (408) 725-1660 

TWX 910-338-0013 


California (Southern) 
Anthem Electronics 
20640 Bahama St 
Chatsworth, CA 91311 
Tel (818) 700-1000 
TWX 910-493-2083 
Anthem Electronics Inc 
4125 Sorrento Valley Blvd 
Suite A 

San Diego, CA 92121 
Tel (619) 279-5200 
TWX 910-335-1515 
Anthem Electronics Inc 
2661 Dow Ave 

Tustin, CA 92680 

Tel (714) 730-8000 
TWX 910-595-1583 


ertek. 


California (Southern) (Cont ) 
IEC 


20600 Plummer St 
Chatsworth, CA 92122 
Tel (818) 998-2200 
TWX 910-494-4828 


IEC 

17062 Murphy Ave 
Irvine, CA 92714 
Tel (714) 660-1055 
TWX 910-595-2895 


Kierulff Electronics 
2585 Commerce Way 
Los Angeles, CA 90008 
Tel (213) 725-0325 
TWX 910-580-3106 


Kierulff Electronics 
21053 Devonshire St 
Chatsworth, CA 91311 
Tel (818) 341-2211 
TWX 910-580-3106 


Kterulff Electronics 
8797 Baiboa Ave 
San Diego, CA 92123 
Tel (619) 278-2112 
TWX 910-335-1182 


Kierulff Electronics, Inc 
14101 Franklin Ave 
Tustin, CA 92680 

Tel (714) 731-5711 
TWX 910-595-2599 


Zeus Electronics 
1130 Hawk Circle 
Anaheim, CA 92807 
Tel (714) 632-6880 


Colorado 

Anthem Electronics 
8200S Akron St 
Englewood, CO 80112 
Tel (303) 790-4500 
TWX 910-935-0113 


Industrial Electronics Inc 
8755 E Orchard Rd , #605 
Englewood, CO 80111 

Tel (303) 694-9444 


Kierulff Electronics 
7060 S Tucson Way 
Englewood, CO 80112 
Tel (303) 790-4444 
TWX 910-932-0169 


Connecticut 

Kierulff Electronics 

169 No Plains Industrial Rd 
Wallingford, CT 06492 

Tel (203) 265-1115 

TWX 710-476-0450 


Milgray Electronics 
378 Boston Post Rd 
Orange, CT 06477 
Tel (203) 795-0711 


Delaware 

Kierulff Electronics 

825 D Hammond Ferry Rd 
Linthicum, MD 

Tel (301) 636-5800 

TWX (710) 234-1971 


Milgray Electronics 
11820 Parklawn Dr 
Rockville, MD 20852 
Tel (302( 468-6400 


Zebra Electronics 
2400 York Rd 

Surte 100 

Timontum, MD 21093 
Tel (301) 252-6576 
TWX 710-232-9353 


District of Columbia 
Kierulff Electronics 

825 D Hammond Ferry Rd 
Linthicum, MO 

Tel (301) 636-5800 

TWX (710) 234-1971 


Milgray Electronics 
11820 Parklawn Dr 
Rockville, MD 20852 
Tel (301) 468-6400 


Zebra Electronics 
2400 York Rd 

Suite 100 

Timonium, MD 21093 
Tel (301) 252-6576 
TWX 710-232-9353 


Florida 

Kierulff Electronics 
4850 N State Rd 7 
Suite E 

Ft Lauderdale, FL 33319 
Tel (305) 486-4004 
TWX 510-955-9801 


Kierulff Electronics 

3247 Tech Dr 

St Petersburg, FL 33702 
Tel (813) 576-1966 

TWX 810-863-5625 


Milgray Electronics 
1850 Lee Road #104 
Winter Park, FL 32789 
Tel (305) 647-5747 
TWX 810-863-5625 


Georgia 

Kierulff Electronics 

5824 E Peachtree Corners E 
Norcross, GA 30092 

Tel (404) 447-5252 

TWX 810-766-4527 


Milgray Electronics 
17 Dunwoody Park 
Suite 102 

Atlanta, GA 30338 
Tel (404) 393-9666 


Hawaii 

Anthem Electronics 
5020 148th Ave NE, 
Suite 103 

Redmond, WA 98052 
Tel (206) 881-0850 
TWX 910-997-0118 


IEC 

1750 124th Ave ,NE 

Bellevue, WA 98005 

Tel (206) 455-2727 
(800) 426-7999 

TWX 910-443-3018 


Kierulff Electronics 
1005 Andover Park E 
Tukwila, WA 98188 
Tel (206) 575-4420 


Western Microtechnology 
1778NE 95th St 
Redmond, WA 98052 

Tel (206) 881-6737 

TWX 910-935-0113 


Idaho 

Anthem Electronics 
5020 148th Ave ,NE, 
Suite 103 

Redmond, WA 98052 
Tel (206) 881-0850 
TWX 910-997-0188 


IEC 

1750 124th Ave ,NE 

Bellevue, WA 98005 

Tel (206) 455-2727 
(800) 426-7999 

TWX 910-443-3018 


Kierulff Electronics 
1005 Andover Park E 
Tukwila, WA 98188 
Tel (206) 575-4420 


Western Microtechnology 
1778NE 95th St 
Redmond, WA 98052 

Tel (206) 881-6737 


ithnois 

GBL Goold Electronics 
610 Bonnie Ln 

Elk Grove Vill , |L 60007 
Tel (312) 593-3220 


Kierulff Electronics 
1536 Landmeier Rd 
Elk Grove Vill , [IL 60007 
Tel (312) 640-0200 
TWX 910-222-0351 


Pioneer 

1551 Carmen Dr 

Elk Grove Vill , IL 60007 
Tel (312) 437-9680 
TWX 910-222-1834 


Indiana 

Advent Electronics 
8446 Molter Rd 
Indianapolis, IN 46268 
Tel (317) 872-4910 
TWX 810-341-3228 


Indiana (Cont ) 
Pioneer 

8408 Castle Place Dr 
Indianapolis, IN 46250 
Te! (317) 849-7300 
TWX 810-260-1794 


lowa 

Advent 

682 58th Ave Court, SW 
Cedar Rapids, !A 52404 
Tel (319) 363-0221 

TWX 910-525-1337 


Kierulff Electronics 
7667 Cahill Rd 
Edina, MN 55435 
Tel (612) 941-7500 
TWX 910-576-2721 


Kansas 

Milgray Electronics 

6901 W 63rd St 

Suite 214 

Overland Park, KS 66202 
Tel (913) 236-8800 


Kentucky 

Advent Electronics 
8446 Moller Rd 
Indianapolis, IN 46268 
Tel (317) 872-4910 
TWX 810-341-3228 


Louisiana 

Carlton Bates 

3600 W 69th St 

Little Rock, AR 72209 
Tel (501) 562-9100 


Kierulff Electronics 
10415 Landsbury Dr, 
Suite 210 

Houston, TX 77099 
Tel (713) 530-7030 
TWX 910-880-4057 


Pioneer 

5853 Point West Dr 
Houston, TX 77036 
Tel (713) 988-5555 
TWX 910-881-1606 


Maine 

Gerber Electronics 
128 Carnegie Rd 
Norwood, MA 02062 
Te! (617) 769-6000 
TWX 710-394-0634 


Kierulff Electronics 
13 Fortune Dr 
Billerica, MA 01865 
Tel (617) 667-8331 
TWX 710-390-1449 


Lionex Corp 

1 North Ave 
Burlington, MA 01803 
Tel (617) 272-9400 
TWX 710-332-1387 


Milgray Electronics 
79 Terrace Hall Ave 
Burlington, MA 01803 
Tel (617) 272-6800 


Zeus Electronics 

25 Adams St 
Burlington, MA 01803 
Tel (617) 273-0750 


Maryland 

Kierulff Electronics 

825 D Hammond Ferry Rd 
Linthicum, MD 

Te! (301) 636-5800 

TWX 710-234-1971 


Milgray Electronics 
11820 Parklawn Dr 
Rockville, MD 20852 
Tel (301) 468-6400 


Zebra Electronics 
2400 York Rd 

Suite 100 

Timontum, MD 21093 
Tel (301) 252-6576 
TWX 710-232-9353 


Massachusetts 
Gerber Electronics 
128 Carnegie Row 
Norwood, MA 02062 
Tel (617) 769-6000 
TWX 710-394-0634 
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Massachusetts (Cont ) 
Kierulff Electronics 
13 Fortune Dr 
Billerica, MA 01865 
Tel (617) 667-8331 
TWX 710-390-1449 


Lionex Corp 

1 North Ave 
Burlington, MA 01803 
Tel (617) 272-9400 
TWX 710-332-1387 


Milgray Electronics 
79 Terrace Hall Ave 
Burlington, MA 01803 
Tel (617) 272-6800 


Zeus Electronics 

378 Adams St 
Burlington, MA 01803 
Tel (617) 273-0750 


Michigan 

RS Electronics 
34443 Schoolcraft 
Livonia, MI 48150 
Tel (313) 525-1155 
TWX 810-242-2996 


Pioneer 

13485 Stamford 

Livonia, MI 48150 

Tel (313) 525-1800 

TWX 810-242-3271 

Ann Arbor (313) 525-1800 


Minnesota 

Kierulff Electronics 
7667 Cahill Rd 
Edina, MN 55435 
Tel (612) 941-7500 
TWX 910-576-2721 


Pioneer 

10203 Bren Rd E 
Minnetonka, MN 55343 
Tel (612) 935-5444 
TWX 910-422-2210 
Mississippi 

Milgray Electronics 
17 Dunwoody Park 
Suite 102 

Atlanta, GA 30338 
Tel (404) 393-9666 


Missouri 

Kierulff Electronics, Inc 
2608 Metro Park Blvd 
Maryland Heights, MO 63043 
Tel (314) 739-0855 

TWX 910-762-0721 


Montana 

Anthem Electronics 
5020 148th Ave ,NE, 
Suite 103 

Redmond, WA 98052 
Tel (206) 881-0850 
TWX 910-997-0118 


Kierulff Electronics 
10053 Andover Park E 
Tukwila, WA 98188 
Tel (206) 575-4420 
TWX 910-444-2034 


Western Microtechnology 
14778 NE 95th St 
Redmond, WA 98052 

Tel (206) 881-6737 

TWX 910-935-0113 


Nebraska 

Milgray Electronics 

6901 W 63rd St, 

Suite 214 

Overland Park, KS 66202 
Tel (913) 236-8800 


Nevada 

Anthem Electronics 
174 Component Dr 
San Jose, CA 95131 
Tel (408) 946-8000 

TWX 910-338-2038 


Kierulff Electronics 
3969 E Bayshore Rd 
Palio Alto, CA 94303 
Tel (415) 968-6292 
TWX 910-379-6430 


Western Microtechnology 
10040 Bubb Rd 
Cupertino, CA 95014 

Tel (408) 725-1660 

TWX 910-338-0013 


New Hampshire 
Gerber Electronics 
128 Carnegie Row 
Norwood, MA 02062 
Tel (617) 769-6000 
TWX 710-394-0634 


Kierulff Electronics 
13 Fortune Dr 
Billerica, MA 01865 
Tel (617) 667-8331 
TWX 710-390-1449 


Lionex Corp 

1 North Ave 
Burlington, MA 01803 
Tel (617) 272-9400 
TWX 710-332-1387 


Milgray Electronics 
79 Terrace Hall Ave 
Burlington, MA 01803 
Tel (617) 272-6800 


Zeus Electronics 

378 Adams St 
Burlington, MA 01803 
Tel (617) 273-0750 


New Jersey 

General Radio & Supply 
600 Penn St 

Camden, NJ 08102 

Tel (609) 964-8560 
TWX 710-891-1356 


Kierulff Electronics 
37 Kulick Rd 
Fairfield, N J 07006 
Tel (201) 575-7960 
TWX 710-734-4372 


Lionex Corporation 
311 Route 46 West 
Fairfield, N J 07006 
Tel (201) 227-7960 
TWX 710-734-4312 


Milgray Electronics 

3002 Greentree Executive 
Campus, Suite B 

Marlton, NJ 07444 

Tel (609) 983-5010 


Zebra Electronics 

11 Kent Pl 

Pompton Plains, NJ 07444 
Tel (201) 839-9040 

TWX 710-988-5369 


New Mexico 

Bell Industries 

11728 Linn Ave ,NE 
Albuquerque, NM 87123 
Tel (505) 292-2700 
TWX 910-989-0625 


New York 

Add Electronics 

7 Adler Dr 

E Syracuse, NY 13057 
Tel (315) 437-0300 


Lionex Corp 

400 Oser Ave 
Hauppauge, NY 11787 
Tel (516) 273-1660 
TWX 510-227-1042 


Milgray Electronics 
77 Schmitt Blvd 
Famingdale, NY 11735 
Tel (516) 420-9800 
TWX 510-225-3673 


“Milgray Electronics 


57 Monroe Ave 
Pittsford, NY 14534 
Tel (716) 385-9330 


Zeus Components 

100 Midland Ave 

Port Chester, NY 10573 
Tel (914) 937-7400 
TWX 710-567-1248 
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North Carolina 

Kierulff Electronics, Inc 
5249 N Blvd 

Raleigh, NC 27604 

Tel (919) 872-8410 


North Dakota 
Kierulff Electronics 
7667 Cahill Rd 
Edina, MN 55435 
Tel (612) 941-7500 
TWX 910-576-2721 


Ohio 

Kierulff Electronics, Inc 
23060 Miles Rd 
Cleveland, OH 44128 
Tel (216) 587-6558 
TWX 810-427-2282 


Milgray Electronics 
6155 Rockside Rd 
Cleveland, OH 44131 
Tel (216) 447-1520 


Pioneer 

4433 Interpoint Blvd 
Dayton, OH 45404 
Tel (513) 236-9900 
TWX 810-459-1622 


Pioneer 

4800 E 131st St 
Cleveland, OH 44105 
Tel (216) 587-3600 
TWX 810-422-2211 


Oklahoma 

Kierulff Electronics, Inc 
Metro Park 

12318 East 60th St 
Tulsa, OK 74145 

Tel (918) 252-7537 
TWX 910-845-2150 


Oregon 

Anthem Electronics 

15812 S W Upper Boones 
Ferry Rd 

Lake Oswego, OR 97030 

Tel (503) 684-2661 


IEC 

1750 124th Ave ,NE 

Bellevue, WA 98005 

Tel (206) 455-2727 
(800) 426-7999 

TWX 910-443-3018 


Kierulff Electronics 
10053 Andover Park E 
Tukwila, WA 98188 
Tel (206) 575-4420 
TWX 910-444-2034 


Western Microtechnology 
14778 NE 95th St 
Redmond, WA 98052 

Tel (206) 881-6737 

TWX 910-935-0113 


Pennsylvania (Eastern) 
General Radio & Supply 
600 Penn St 

Camden, NJ 08102 

Tel (609) 964-8560 

TWX 710-891-1356 


Miigray Electronics 

3002 Greentree Executive 
Campus 

Marlton, NJ 08053 

Tel (609) 983-5010 


Zebra Electronics” 
1465 Rose Lawn Dr 
Bethlehem, PA 18017 
Tel (215) 868-0685 


Pennsyivania (Western) 
Kierulff Electronics, Inc 
23060 Miles Rd 
Cleveland, OH 44128 
Tel (216) 587-6558 
TWX 810-427-2282 


Milgray Electronics 
6155 Rockside Rd 
Cleveland, OH 44131 
Tel (216) 447-1520 


Pioneer 

259 Kappa Dr 
Pittsburgh, PA 15238 
Tel (412) 782-2300 
TWX 710-795-3122 


Zebra Electronics 

11 Kent Pl 

Pompton Plains, NJ 07444 
Tel (201) 839-9040 


Rhode Island 
Gerber Electronics 
128 Carnegie Rd 
Norwood, MA 02062 
Tel (617) 769-6000 
TWX 710-394-0634 


Kierulff Electronics 
13 Fortune Dr 

Billerica, MA 01865 
Tel (617) 667-8331 
TWX 710-390-1449 


Kierulff Electronics 

165 No Plains Industrial Rd 
Wallingford, CT 06492 

Tel (203) 265-1115 

TWX 710-476-0450 


Lionex Corp 

1 North Ave 
Burlington, MA 01803 
Tel (617) 272-9400 
TWX 710-332-1387 


Milgray Electronics 
79 Terrace Hall Ave 
Burlington, MA 01803 
Tel (617) 272-6800 


Rhode Island (Cont ) 
Zeus Electronics 
25 Adams St 


Burlington, MA 01803 


Tel (617) 273-0750 


South Carolina 
Kierulff Electronics 
+800 E Fairfax Rd 


Greensboro, NC 27407 


Tel (919) 852-9440 
TWX 510-922-7384 


South Dakota 
Kierulff Electronics 
7667 Cahill Rd 
Edina, MN 55435 
Tel (612) 941-7500 
TWX 910-576-2721 


Texas 

Kierulff Electronics 
3007 Longhorn Bivd 
Suite 105 

Austin, TX 78758 
Tel (512) 835-2090 
TWX 910-874-1359 


Kierulff Electronics 
9610 Skillman Ave 
Dallas, TX 75243 
Tel (214) 343-2400 
TWX 910-861-9149 


Kierulff Electronics 
10415 Landsbury Dr 
Suite 210 

Houston, TX 77099 
Tel (713) 530-7030 
TWX 910-880-4057 


Pioneer 

5853 Point West Dr 
Houston, TX 77036 
Tel (713) 988-5555 
TWX 910-881-1606 


Pioneer 

9901 Burnett Rd 
Austin, TX 78758 
Tel (512) 835-4000 
TWX 910-874-1323 


Pioneer 

13710 Omega Rd 
Dallas, TX 75240 
Tel (214) 386-7300 
TWX 910-860-5563 


Zeus Electronics 
14001 Goldmark 
Suite 250 

Dallas, TX 75240 
Tel (214) 783-7010 


Texas (West) 
Bell Industries 
11728 Linn Ave ,NE 


Albuquerque, NM 87123 


Tel (505) 292-2700 
TWX 910-989-0625 


Utah 

Kierulff Electronics 
2121S 3600 West 

Salt Lake City, UT 84119 
Tel (801) 973-6913 

TWX 910-925-4072 


Vermont 

Gerber Electronics 
128 Carnegie Rd 
Norwood, MA 02062 
Tel (617) 769-6000 
TWX 710-394-0634 


Kierulff Electronics 
13 Fortune Dr 

Billerica, MA 01865 
Tel (617) 667-8331 
TWX 710-390-1449 


Lionex Corp 

1 North Ave 
Burlington MA 01803 
Tel (617) 272-9400 
TWX 710-332-1387 


Milgray Electronics 
79 Terrace Hall Ave 
Burlington, MA 01803 
Tel (617) 272-6800 


Zeus Electronics 

25 Adams St 
Burlington, MA 01803 
Tel (617) 273-0750 


Virginia 

Kierulff Electronics 

825 D Hammond Ferry Rd 
Linthicum, MD 

Tel (801) 636-5800 

TWX (710) 234-1971 


Milgray Electronics 
11820 Parklawn Dr 
Rockville, MD 20852 
Tel (301) 468-6400 


Zebra Electronics 
2400 York Rd 

Suite 100 

Timonium, MD 21093 
Tel (301) 252-6576 
TWX 710-232-9353 


Washington 

Anthem Electronics 
5020 148th Ave NE, 
Suite 103 

Redmond, WA 98052 
Tel (206) 881-0850 
TWX 910-997-0118 


IEC 

1750 124th Ave NE 

Bellevue, WA 98005 

Tel (206) 455-2727 
(800) 426-7999 

TWX (910) 443-3018 


Kierulff Electronics, Inc 
10053 Andover Park E 
Tukwila, WA 98188 

Tel (206) 575-4420 
TWX 910-444-2034 


Washington (Cont ) 
Western Microtechnology 
14778NE 95th St 
Redmond, WA 98052 

Tel (206) 881-6737 

TWX 910-935-0113 


Washington D.C. 

Kierulff Electronics 

825 D Hammond Ferry Rd 
Linthtcum, MD 

Tel (301) 636-5800 

TWX 710-234-1971 


Milgray Electronics 
11820 Parklawn Dr 
Rockville, MD 20852 
Tel (301) 468-6400 


Zebra Electronics 
2400 York Rd 

Suite 100 

Timonium, MD 21093 
Tel (801) 252-6576 
TWX 710-232-9353 


West Virginia 

Kierulff Electronics, Inc 
23060 Miles Rd 
Cleveland, OH 44128 
Tel (216) 587-6558 
TWX 810-427-2282 


Milgray Electronics 
6155 Rockside Rd 
Cleveland, OH 44131 
Tel (216) 447-1520 


Wisconsin 

Kierulff Electronics, Inc 
2236G West Bluemound Rd 
Waukesha, WI 53186 

Tel (414) 784-8160 

TWX 910-265-3653 


Taylor Electric Co 
PO Drawer 11N 
Milwaukee, WI 53201 
Tel (414) 241-4321 
TWX 910-262-3414 


Wyoming 

Anthem Electronics 
8200 S Akron St 
Englewood, CO 80112 
Tel (303) 790-4500 
TWX 910-935-0113 


Industnal Electronics, Inc 
8755 E Orchard Rd #605 
Englewood, CO 80111 
Tel (803) 694-9444 


Kierulff Electronics 
7060 S Tucson Way 
Englewood, CO 80112 
Tel (803) 790-4444 
TWX 910-932-0169 


Canadian Distributors 


Future Electronics 

237 Hymus Blvd 

Pointe Claire :Montreal: 
Quebec 

Canada H9R 5C7 

Tel (514) 694-7710 
TWX 610-421-3251 


Future Electronics 
4800 Dufferin St 
Downsview, Ontario 
Canada M3H 5S9 
Tel (416) 663-5563 
TWX 610-491-1470 


Future Electronics 
Baxter Centre 
1050 Baxter Rd 
Ottawa, Ontario 
Canada K2C 3P2 
Tel (613) 820-9471 


TWX 610-421-3251 
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Future Electronics 
3070 Kingsway 
Vancouver, B C 
Canada U1R 5J7 
Tel (604) 438-5545 
TWX 610-922-1668 


Synertek. 


International Sales Offices 


Northern European 
Zone Manager 
Honeywell House 
Charles Square 
Bracknell, Berkshire, U K 
Rg 121EB 


Central European 
Zone Manager 
Freischuetzstrasse 92 
D-8000 Muenchen 81 
West Germany 

Tel [49] (089) 9597-100 


Southern European 
Zone Manager 

Rue Emile Verhaeren 6 
92210 St Cloud 
France 

Tel |33] (01) 7711071 


European Design Center 
Freischuetzstrasse 92 
D-8000 Muenchen 81 
West Germany 

Tel |49| (089) 9597130 
TWX (841) 5216884 


Tel [03] (44) 424555 
or 422258 
TWX (815) 847064 


TWX (841) 5216884 


To dial telephone numbers listed below, 
Dial 011 (International Access Code) + |Country Codej + (City Code) + Local Number 


TWX (842) 200841 


Australia 

Ampec Engineering Co 
114 Terry St 

Rozelle, NS W 2039 
Australia 

‘Tel |61| (02) 818-1166 
TLX (790) 27136 


Australia (cont ) 

Royel Micro Systems Pty Ltd 
27 Normanby Rd 

Notting Hill, 3149 

Australta 

Tel {61]| (03) 543-5122 

TWX 790-32673 


England (Cont ) 

Thame Components Ltd 
Unit E, Bandet Way 

Thame Park Industrial Estate 
Thame, Oxon 

England, OX9 3XD 

Tel [44] (84) 421-3146 


Germany (Cont ) 
Electronic-2000 GmbH 
Vestner Torgraben 3 
8500 Nuernberg 

West Germany 

Tel |49| (911) 36739 
TWX 841-626495 


Italy (Cont ) 
ComprelSRL 

160043 Chiavari 

ViaS Chiara, 22 
Genova, Italy 

Tel |01! (85) 301100 
TLX 332484 COMPRL 


Honeywell Pty Ltd VSI Elec (Austr) Pty Ltd TLX (851) 837917 Hilmar Frehsdorf GmbH Comprel SRL 

Garden Grove Centre 21 Chandos St Finland ECS Elec Comp Serv 20092 Cinisell Balsamo 

Garden Grove Parade PO Box 578 Saehkoelikkeiden OY Carl-Zeiss-Strasse 3 Milano, Italy 

Adamstown, NS W 2289 Crows Nest,N SW 2065 Saehkoemetsae 2085 Quickborn Tel |39| (02) 6120641,2,3,4,5 

Tel (049) 52 4411 Australia SF-01300 VANTAA 30 Hamburg, West Germany TLX (843) 332484 

TWX AA 28338 Tel |61] (02) 439-4655 Finland Tel |49| (40) 7 10 58/59 Comprel SRL 

Honeywell Pty Ltd TLX (790) 22846 Tel (358) 083-82201 TWX (841) 213693 00173 Roma Via 

Units 8/9 Townsville St Energy Control TWX 12-4431 Hilmar Frehsdorf GmbH U Comandini, 49 

Fyshwick, Australia PO Box 6502 F Schlueterstrasse 39 Roma, Italy 

Tel (062) 80 5021 Goodna, 4200 Australia alee 1000 W Berlin 12 Tel (06| (61) 33060 

TWX AA 61583 Tel (07) 288-2757 4p a ats W Germany TLX 332484 COMPRL 
; Ba aanaiga as celal Tel [49] (30) 8839040 

Honeywell Pty Ltd Austria 92100 Boulogne, France TWX 185418 Comprel SRL 

62 Hopkins St Bacher Elek Gerate GmbH Tel |33] (1) 605-6000 10144 Torino 

Moonah, Tasmania Rotenmuhlgasse 26 TWX 201905 Hong Kong ViaG Fagnano, 10 

Tel (002) 28 0087 1120 Wien Conmos Products Torino, Italy 

Honeywell Pty Ltd Austria Germany Hay Mien Bldg, 11th Floor — Tel (011) 489655 

150-151 Greenhill Rd Tel [43] (222) 835646 Astek GmbH Kwun Tong, Kowloon, TLX 332484 COMPRL 


Parkside, S A 5063 
Tel (08) 271-5022 
TWX AA 89553 


Honeywell Pty Ltd 
27 Church St 
Richmond, Victoria 


TWX (47) 131532 


Ing Ernst Steiner 
Hummelgasse 14 
A-1130 Vienna 

Austria 

Tel [43| (222) 82-74-74 


Carl-Zeiss-Strasse 3 

D2085 Quickborn, W Germany 
Tel |04| (106) 71084 

TLX 0214082 

Ditronic GmbH 

1M Asenwald 48 

7000 Stuttgart 70 


Hong Kong 
Tel |852j{ (3) 420103 
TLX (780) 85448 


Ireland 
Neltronics Ltd 
John F Kennedy Rd 


Comprel SRL 

36100 Vicenza 

ViaV Veneo, 3 
Vicenza, Italy 

Tel [04] (44) 26912 
TLX 332484 COMPRL 


Tel (03) 429 1933 TWX 847-135026 W German NAAS Road Japan 
TWX AA 31805 any. Dublin 12, Ireland Synerdyne, Inc 
Belgium Tel |49| (711) 722079 
H Il Pty Ltd Tel (01) 501845 ishtbashi Bldg 
neestanieuer Microtron TWX 7255638 TLX 852-4837 1-20-2 Dogenzaka 
aniey Tremelobaan 131 : 
South Brisbane Electronic-2000 GmbH — Shibuya-Ku 


Tel (07) 246-1255 
TWX AA 42630 


2850 Keerbergen 
Belgium 
Tel (32) 016-60-05-86 


Hirschlanderstrasse 2 
7257 Ditzingen 
West Germany 


Aviv Electronics Ltd 
Kehilet Venezia 


Tokyo 150, Japan 
Tel |81| (03) 461-9311 
TLX (781) J32457 


Honeywell Pty Ltd TLX (846) 22606 Tel 149] (7156) 7083 Street 12 

Industrial Services Branch ve Bid onaeee 69010 Tel-Aviv Tomen Electronics Corp 
PO Box 102 Denmark Israel 1-1 Uchisawai-Cho 
Tamworth, NSW C-88 Electronic-2000 GmbH Tel |972| (3) 494450 2 Chome, Chiyoda-Ku 


Tel (067) 67 3172 


Honeywell Pty Ltd 
1 Thorgood St 
Victoria Park, WA 
Tel (09) 362 1577 
TWX AA 93063 


Honeywell Pty Ltd 
276 Cowper St 
Warrawong, Australia 
Tel (042) 74 0657 


Honeywell Pty Ltd 
Lot 1217 Winnellie Rd 
Winnelli, N T 

Tel (089) 84 4492 


Kokkeda! Industrial Park 42A 
DK-2980 Kokkedal 

Denmark 

Tel |45| (02) 244-888 

TLX 855-41198 CEIGTY DK 


England 

Macro Marketing 

Burnham Lane 

Slough, Berkshire 

England 

Tel Burnham |44| (6) 936-4422 
TWX (851) 847945 


Pronto Elec Sys Ltd 
466-478 Cranbrook Rd 
Gants Hill, Ilford Essex 
1G2 6LE England 

Tel |44] (01) 5546222 
TWX (851) 8954213 


Werftener Dorfstrasse 27 
4000 Duesseldorf 

West Germany 

Tel [49] (211) 767141 
TWX 841-8586810 


Electronic 2000 GmbH 
Langer Weg 18 

6000 Frankfurt 90 

W Germany 

Tel |49| (611) 784028 
TWX (841) 89486 


Electronic-2000 GmbH 
Mersenweg 10 

3012 Hanover-Langenhagen 7 
West Germany 

Tel [49| (511) 789878 

TWX 841-923430 


Electronic-2000 GmbH 
D-8000 Munchen 80 
Neumarkter Str 75 
Munchen 

West Germany 

Tel [49] (89) 434061 
TLX (841) 522561 
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TWX 922-33572 


Italy 

Comprel SRL 

60025 Loreto 

Via Dante Alighieri, 26/b 
Ancona, Italy 

Tel (071) 977693 

TLX 332484 COMPRL 


ComprelS RL 

40137 Bologna 

Piazza Azzarita, 6 
Bologna, Italy 

Tel (051) 551306 

TLX 332484 COMPRL 


ComprelS RL 

50127 Firenze 

Via T Mabellini, 4 
Firenze, Italy 

Tel (055) 412018 

TLX 332484 COMPRL 


Tokyo 100, Japan 
Tel |86]| (03) 506-3474 
TLX (781) J23548 TMELC 


Korea 

Yeon! & Co Ltd 

#498-5, Dapsipri-Dong 
Dongdaemoon-Ku, Seoul 
Tel 244-7492, -7493 
TWX K24123 SEOUL 


Latin America, Mexico 

Intectra 

2629 Terminal Blvd 

Mountain View, CA 94043 
USA 

Tel (415) 967-8818 

TLX 345545 INTECTRA MNTV 
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Luxembourg 
Microtron 
Tremelobaan 131 
2850 Keerbergen 
Belgium 

Tel. [32] (01) 6600586 
TWX (846) 22606 


Netherlands 


Aicom Electronics Lapella 


Hollandsche Diep 57 
2904 EP Capelle AD 
Holland ° 

Tel (010) 519533 
TLX. 84426161 


New Zealand 

ECS 

Div. of Airspares Ltd 
PO Box 1048 
Palmerston North 
New Zealand 

Tel (64| (63) 77-407 
TLX (791) 3766 


Honeywell Control 
Systems Ltd 

PO Box 2196 

8 Monohan Rd 

Auckland 6 

New Zealand 

Tel 575-479 

TWX NZ2487 


New Zealand (Cont ) 


Professional Electronics, Ltd. 


22 Milford Rd 
Milford, Auckland 9 
New Zealand 

Tel. 493-029 

TWX 7911-21084 


Southmark Electronics Ltd. 


100 Anzac Ave 
Auckland 1 
P.O Box 3407 


Auckland, New Zealand 
Tel [(64| (9) 798-005, 798-078 
TLX (791) 2838 BUREAUX 


NZ2838 


VSI Elec Austr Pty Ltd 


21 Chandos St 

PO Box 578 

Crows Nest, NSW 2065 
Australia 


Norway 
Elektronix A/S 


PO Box 4329, Torshov 


Sandakervn 72 
Oslo 4, Norway 
Tel [47] (2) 229850 
TWX 72738 


Portugal 
Semiconductores S A 
Clara Del Rey 39 
Oficina 128 

Madrid 2, Spain 

Tel [34] (1) 4164071 
TWX 47444 


Singapore 


Desner Electronics PTE Ltd 


190 Middle Road 
16-07 Fortune Centre 
Singapore 0718 

Tel 337-3188 

TWX RS 39191DTD 


South Africa 
Radiokom (PTY) Ltd 
PO Box 56310 
Johannesburg 

South Africa 

Tel [27] (11) 789-1400 
TWX 960-424822 


5-24 


Spain 
SemiconductoresS A 
General Mitre, 240 
Barcelona 6 

Spain 

Tel (34] (3) 217-23-40 


TWX (831) 97787 SMCD E 


SemiconductoresSA 
Clara Del Rey 39 
Oficina 128 

Madrid 2 Spain 

Tel [34] (1) 416-4071 


Sweden 

SATTCO AB 
Dalvaegen 10 

S-171 36 Soina 
Sweden 

Tel [46] (08) 734-00-40 
TLX 854-11588 


Switzerland 
Datacomp AG 
Zucherstrasse 20 


CH-8952 Zurich-Schlieren 


Switzerland 
Tel |41] (01) 730-21-69 
TWX 53533 DACO 


Switzerland (Cont ) 
Stolz AG 

Taefernstrasse 15 
CH-5404 Baden-Daettwil 
Switzerland 

Tel |41| (056) 84-01-51 
TWX 845-54070 


Stolz AG 

Ave Louis Casa 81 
2116 Geneve 
Switzerland 

Tel {41| (2) 2987877 
TLX 854-54070 


Taiwan 

General Industries 

PO Box 1076 

Taipei, Taiwan, ROC 
Tel |86| (02) 7645126-9 


President Enterprises 

SF, 66-1 Chung Ching S Road 
Sec 1, 

Taipei, Taiwan 100,R OC 
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All rights reserved No part of this publication may be reproduced, stored in a retrieval system, or 
transmitted, in any form or by any means, electronic, mechanical, photo copying, recording, or 
otherwise, without the prior written permission of Synertek 


The information contained herein ts subject to change without notice Synertek assumes no 
responsibility for the use of any circuitry other than circuitry embodied in a Synertek product 


No other circuit patent licenses are implied 
Z8 Is a trademark of Zilog Inc 


The information contained in this document has been carefully checked and Is believed to be reliable, however, Synertek shall not be responsible for any loss or 
damage of whatever nature resulting from the use of, or reliance upon, the information contained in this document Synertek makes no guarantee or warranty 
concerning the accuracy of such information, and this document does not in any way extend Synertek’s warranty on any product beyond that set forth in 
Synertek’s standard terms and conditions of sale Synertek does not guarantee that the use of any information contained herein will not infringe upon the patent or 
other rights of third parties, and no patent or other license ts implied hereby Synertek reserves the right to make changes in the product without notification which 
would render the information contained !n this document obsolete or inaccurate Please contact Synertek for the latest information concerning this product 


